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The cliief object of this treatise is to supply u want, 
which has been oftea expressed, of reliable information 
regarding the resources of our Coal-fielde, — to what 
extent they have been abeady exhausted, and for what 
length of time the present supply can be maintained. 
Like many others, I was led to investigate the subject 
during the exciting diacusaions in Parliament upon the 
Commercial Treaty with France ; and if any proof were 
needed of the diversity of opinion, and want of sound 
data upon the question of the exhaustibility of the 
British Coal-fields, it was abundantly afforded at that 
time. 



I It th^efore appeared to me, that with the large means 

t information at my disposal — the Maps, Sections, and 

loirs of the G-eolc^cal Survey, extending over two- 

i of the Coal-producing districts of England, the 
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assistaiice of Bome of my colleag^ies of the G-eological 
Survey, of several of Her Majesty's Inspectors of 
Collieries, and of gentlemen of experience scattered 
throughout the country — much more definite results 
might be arrived at than had hitherto been published. 
I may also be allowed to add, that my own personal 
knowledge of the Coal-flelds of the Central and North- 
em Counties is not inconsiderable, and that I have not 
neglected any published sources of information which 
were accessible. 

In order to make the work more complete, several 
introductory chapters on the nature of the Carbonife- 
rous rocks— the character of the vegetation of the 
Coal-period — and the formation of Coal itself — hare 
been introduced. Also, for purposes of comparison, I 
have added short sketches of the nature and extent 
of Coal-fields of other parts of the world, drawn from 
the most anthentic sources. 

Conscious of many defects, 1 am fain to hope that 
these pages will he found to accomplish faithfully the 
great object designed, — to give the public an answer 
to the oft-repeated question, " How loug will our Coal- 
fields last?" 
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The queation of the exhaustibility of our coal-fielda is 
a highly comphcated one ; for while an actual exhaus- 
tion is beyond all possibility, a practical and sensible 
failure in the supply of coal is not only possible, but 
certain in course of time. *■ 

The debates in Parliament" have brought into promi- 
nence a subject which, from the days of Sir Eobert 
Peel's premiership, has more or less engaged the serious 
consideration of pubHc men. The opinion of the learned 
Dr. Buckland regarding the probable exhaustion of the 
British coal-fields is known to have influenced the 
measures of that statesman ; and in the late debates on 
the Commercial Treaty with France, the statistical in- 
formation produced by Mr. Vivian is believed to have 
materially influenced our legislature in favour of the 
measures of Government. 

I refer to this debate as illustrating how diversified 
are the opinions entertained on this subject by some of 

Emost eminent public men, and which are only a 
ez of those of the pubhc generally. 
- 



2 INTHODUCTION, 

The want of accurate and reliable mfonnation on thii 
subject is much felt If legislation is to be based upon 
the question whether this country can, without irre- 
trievable damage to its resources, admit of the t 
strained export of coal, it is surely of first importance 
that there should be accurate data to go upon; and 
though I admit that the question is not one which can 
be determined with mathematical precision, yet we tobj 
at least arrive at sufficiently approximate results, by 
combination of the evidence obtained from each ii 
dividual coal-field. 
. The first evidence of a decreasing supply will be 
Bfeneial rise in the price of coal : but, through tbe agency 
of railways, this will not become general until the 
resources of all the c^-fields shall have become de* 
veloped to their full capabilities, because, where thd 
supply shortens in one district, a corresponding impetus 
will be given to others now only partially opened up. 

Two illustrations may be mentioned. — Many of oa 
may live to see the southern half of the South Stafford- 
shire coal-field exhausted, or nearly so ; but while this 
consummation is approaching, the northern half of the 
same great coal-tract is far from being opened up to the 
extent of which it is capable. The exhaustion of the 
Boathem portion is already telling upon the northern. 

The interesting and instructive coal-field of Coalbrook 
Dale, in Shropshire, is fast approaching extinction aa a 
coalrproducing district. There is probably not more 
coal than will last for a quarter of a century, at the 
present rate of consumption. But there is a neighbour- 
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ing coal-field, that of Denbighahire, capable of producing 
about five times its present supply. Between Brymbo 
collieries on the nortb and those of Ruabon on the south, 
there is a large area of Tirgin ground, well stored with.-d 
coal, and scarcely disturbed. Other examples will be 1 
found in tho following pages. I 

In speaking of the exhaustion of a coal-field, I do not I 
use the terra in an absolute sense. There will always ^ 
be hands of coal, besides leavings, in the coal-mines, 
sufficient to afford a small supply to the immediate 
neighbourhood for domestic purposes. A coal-field may 
be said to be exhausted, when it is necessary to import ■ 
largely from neighbouring districts for manufacturing 1 
and more general purposes. From various causes, large 
quantities of coal have been le* in old workings, much 
of which it will be impossible to recover. Thus in the 
Leicestershire coal-field, where a bountiful Nature has left 
a, " 12-foot" coal-seam, only one half has actually been 
raised— the "upper," or "nether" portions being less 
valuable than tho remainder in various parta of tho field. 

I have already said, that the British coal-flelda can 
never be utterly exhausted. This is strictly true. Even 
disregarding the coal-beds which lie concealed beneath 
formations newer than those of the carboniferous period, 
there are, in some districts, coal-seams which are buried 
6000, 8000, and perhaps 10,000 feet beneath the sur- 
face, and which can never be reached. I refer particu- 
larly to the great coal-basin of South Wales, which, as 
Mj. Vivian has shown, is capable of supplying the whole 

England with coal ; — but for, I believe, a far shorter 
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period than Mr. Vivian estimates it In a future page I 
shall enter in greater detail into this subject ; and I here 
coDtent myself with stating the broad fact of the enor- 
mous depth of some of the coal-beds in the basin, on 
the authority of the late Sir H, T. de la Beehe, and 
Sir W. Logan, through whose energy the magnificent 
geological survey of this district is now in the hands of 
the public. Now, without assigning in this place any 
theoretical limit to the depth at which coal may be 
worked, few will be disposed to deny that coal-seams at 
these deptlm might as well be buried beneath the wateis 
of the Atlantic for all the probability there is of their 
ever being rendered available. 

There are other districts, principally in the Midland 
counties, where the coal strata, though not themBelves 
of any very great thickness, dip under higher formataons 
till they reach vast depths. For instance, there 
reason to doubt that coal underlies the plain of Cheshire, 
between the coal-fields of Lancashire on the north, 
Staffordshire on the east, and Flintshire on the wfest ; 
yet in order to reach the highest workable coal-seam at 
Northwich, it would be necessary to carry the shaft 
which reaches the great salt rock at least 4000 feet 
deeper than at present. 

There are, however, very large districts in Stafford- 
shire, Leicestershire, and Warwickshire, overspread by 
formations belonging to the Permian and Triassic sys- 
tems, where coal may be reached at depths within 
3000 or 4000 feet. In the north-eastern counties of 
Durham, Yorkshire, and Notts, there are also vast stores 



INTRODUCTION, 

of fael within reach, bat overspread by formations be- 
longing to the ago of the Permian and Trias, In 
Durham, the Magneaian Limestone, which attains there 
a thictnesa of 500 feet, has for several years been pene- 
trated in various places down to the underlying coal ; 
and the same formation in its southerly extension into 
Yorkshire and Nottinghamshire, bids fair to become 
8 coal-producing district of largo extent and capacity. 
One of the deepest mines in England, that of Shireoak, 
near Worksop, belonging to the Duke of Newcastle, is 
sitnated in the Magnesian Limestone ; and after obstacles 
of no ordinary kind bad been triumphantly surmounted, 
was carried down into the long-wished-for coal-seam, 
at a depth of 510 yards. 

The depth of many coal-shafts in the nortli of Eng- 
land is very great. At luce, near Wigan, the " Cannel " 
seam is reached by means of two " lifts," at a depth of 
600 yards.* Pendleton colliery, near Manchester, is 
536 yards deep ; that of Dukenfield, Cheshire, (186 yards. 
The Monkwearmoutb pit, near Sunderland, has a depth 
of 530 yards : and collieries with shafts between 400 
and 500 are not uncommon iu the coal-fields of Lan- 
casliire, Yorkshire, and Durham. 

Notwithstanding, however, all that art and industry 
can invent to facilitate mining at great depths, — not- 
withstanding the increased jjowers of the machinery 
and improvements in ventilation, the employment of 
fiat wire ropes, the substitution of steel for wrought 
iron, and the use of two or more " lifts " or stages, at 
Appendix A. p. 175. 
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intervals from the bottom of the mine, — we mnst ulti- 
mately reach a depth at which the temperature will be 
so high as to prohibit inexorably mining operations. 
What that depth may be I shall discuss in a future 
chapter: in the meanwhile, let us review briefly the 
progressive course of coal-mining from its infancy to 
the present time* 
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CHAPTER I. 



FRAGMENTS IS THE HISTOBT OF COAL-MINING. 

The first attempts at ectal-miiiiug are enveloped in ob- 
scurity ; but even from the chronicles of those days, when 
nothing was thought worth recording save the a 
of u prince, the feuda of neighbouring states, and the 
details of a battle, enough has been incidentally noted 
to enable ue to trace back the art of coal-mining to very 
early times. 

Its beginning was sufficiently humble. Ita nature 
and properties being little understood, tiiere was nothing 
in the outcropping of a black substance along the 
sides of a hiil or the banks of a brook to arrest atten- 
tion ; and it is therefore not improbable that from the 
earliest periods — at any rate from the time in which 
implements and weapons of metal replaced those of 
flint — fossil fuel may have been employed for smelting 
purposes. Fortunately on this point we are not I^ 
altogether to conjecture, as I shall have occasion I 
show presently. 
^■Like many other treasures of Nature, the use of coal 

I: ~ 



paiamount. Wliile in the days of Anglo-Saxon and 

Anglo-Norman art, and those which immediately soc- 
ceeded, the plains of England were overspread with 
almost continuous forests, growing, as in Staffordahire 
and Lancashire, frequently in dense luxuriance over 
the mineralized forests of geologic times, and while these 
forests readily yielded an abundance of fuel for all the 
purposes of the times, it was both unnecessary and im- 
probable that the labour and risk of mining should 
become general. The precious mineral was reserved 
for a generation to whose very existence it is almost a 
necessity ; a generation that, without its aid, could 
scarcely (as far as we can see) have arrived at the 
position in art, industry, and navigation, which it has 
attained in the nineteenth century. 

I must now ask my reader to accompany me through 
a few of those details in the history of coal-mining 
which I have been able to collect I do not profess to 
have exhausted the subject ; for the more I have entered 
into if, the more am I eatisiied that much remains to 
reward the industry of the antiquarian. The notices we 
find are like stepping-stonea for crossing a river ; some- 
times they are lai^e, copious, and closely placed, at 
other times wide apart, so that we have to make a leap 
perhaps over several centuries at a time ; but I have no 
doubt further reseai'ches will enable us to add to the 
numbers of the stone-steps, so as to lessen the gaps, if 
we cannot hope to make a continuous road from the shore 
of the past to that on which we stand. 

It is scarcely necessary to observe, that the fi'equent 
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references to coal in tbe Sacred Scriptures cannot be 
considered as pointing to that mineral as at present un" 
derstood. The origioal word doubtless means charcoal, 
which, like the Latin term, may be employed to desig- 
nate fuel of both kinds. I should not, however, be so 
confident that coel iteelf was not sometimes intended, 
if there was any certainty of its existence &s a product 
of the Holy Land or Arabia ; but as far as I am aware 
there is no mention by any traveller of this mineral 
occurring amongst the Nummulite limestones, the red 
sandstones, or basaltic lava-floea of these countries. Its 
nearest position is perhaps on the shores of the Black 
Sea and Bosphorue. 

Period before Christ. — Theophraatus, a Greek author 
who lived about 238 years before the Christian era, de- 
scribes in brief but determinate language, tbe nature, 
uses, and source of coal. It is a snfiScient proof of this 
mineral being intended, that the description applies accu- 
rately to it, and to no otber. He says : " They call those 
fossil substances (xiSys av^paxas) anthracite (or coal), 
I and when they are broken up for use, are of an earthy 
cter {ytuttis) ; ncTertheless they inflame and bum 
■like charcoal (na&dwip . a't anSqaxw), and are 
used by tbe smiths," He adds, that tbe coal is foTrad 
aloDg ■nith amber and other substances in Liguria, and 
in Elis on the road to Olympias over the mountains. * 

• It « BCBTCely neceaaary to give the original paaaage of which the 

shove ia & literal tranB!ii.tinii, and VBries odIj eligbtl; from that of Mr. 

John Hill, who edited ao edition of the "Histtjtj of Klonte " in 

I 1T46. Pennuit aiso notices the posEitge, and doea not hesitate to refer 
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There are several other passages in tJie same wort 
descriptive of combustible minerals, but deacribed in such 
vague language that it is impossible to identify them' 
The passage above quoted is, it appears to m<^ snfGcient 
and its value would scarcely be strengthened by the ad- 
dition of a score of others which might be applied to as 

- many different substances.* • 

The passage in PHny f is of little service, thon^ 
sometimes quot«d aa referring to coal. Speaking of a 
eertain earth (Chia terra), he merely says of it that 

. ■ " Bitumini simillima ert^mpelitis." Theophrastufl, in 
speaking of this atone, says : " There is a certain earth in 
CUicia, which ia heated and becomes glutinous. With 
this they sme^ the vines (as a protection) against wor 

, Strabo reiterates the above description — in all probability 

only quoting it. , • 
■ '' Ancient Brttons.—r-It Bnight scarcely be credited, ^ 
it not established on incontestable evidence, that t 
were coal mines amongst those savage clans and roving 
barbarians, such as we are generally taught to consider 
the Britons of prehistoric times. The discovery of 
flint-axe stuck into a bed of coal exposed to-day in 
Monmouthshire is a fact which, like the occurrence of a 
solitary fragment of a plant in a very ancient rock, proves 
a great deal more than appears at first sight. If wa 

1, JBHi the theory, that Hint-weapons were the eorli^ 

['lamentation of : three stages of civilization, of which 

Brbnze imple ^en fe were the second, and iron implements 

* SeeAlsfl^He aathor in " Htpi AiBay." Art. 49. 
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tlic- tliiid, this discovery carries ii3 back to a, very early 
period, antecedent to the Jnyasion of the Eomaiis. 

I am ppjsiiaiied this is not a solitary eaee^tliough I 
kniiw of nijfae siri<?tly parallel. Near Stanley in Derby- 
shire, some ^ara poce, while some miners were engaged 
in driving & hea(iing through the "Kilbum coal," they 
broke into some, very old excavations, in which they 
found axes or picks formed out of solid oak. The imple- 
ments were entirely destitute of metalj and were cut out 
irom one solid piece of timber. "Tt is hard to itoftgina- 
the use of snch an fnstrumea^wliere iron was known ; ■ 
while it is also difficult to eonjeWttre how an axe of ^his 
kind could have been formed without the assistance oi 
iron. The neighbourhood of these old workings, abounds 
in iron-ore, several beds of clay iron-stone occurring 
both above and below the Kilbum coaL If the use-of 
these ores had been known, it i^scarccly to be supposeS^ . 
tliat the miners would have made use of picks formed 
entirely of oak. Implements which a{!pftar to have 
belonged to an equally early period are stated to have 
been found in old coal-worldngs near Ashby dl la Zouch, 
ooDBisting of stone hammer-heads, wedges of flint, as 
also wheels of solid wood." j 

Wbittaker states tiiat there ij indubitable evidence 
from the discoveries at Castle-Field, near Manchester, that 
l^e Britons had made use of coal in that neighbourho^L 
He refers to the existence of fragments of coal in Wb 
beds of sand under the Koman road, and in a pit a few 
fiaet deep contiguous tliereto. -f" But }. veiy much doubt ,, 

• Mammat's " QeoJogical Pacts." I " 

t ■' HiBtoiy of Manchester," voL i., p. 3(3 (1771). 
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the value of buoIi evidence. Tiiose ncquainted 
Drift, or Post-pliocene deposita of I-iiiicashire aa' 
shire, know that drifted fragments of Coal are PXtMp^y 
plentiful therein; and "these is strong probaliili^ that 
those upon which he dilates so cnttuBiaSlically' were 
carried to their beds in the sand long even betJort the 
time of the Ahoriginea of Britain ; but not by the hand 
of max. 

RiXi^ans in Britain. — That the Romans were ao 
quaUKed with the use of coal during their occupation of 
Britain is highly probably both from what we know of 
the character of the raeo and from circumstantial 
Jwi^ence. They had stations in many places close to 
the ofTt-crop of valuable coal-seams, and cinders have 
been found amongst the ruins of Koman towns and villa* 
I may here mention a case which has always appeared 
to me as probably referable to this period. Wigan in 
LancashiteJMfi a lloman station. Not far to the north 
of that t™ff!Pbed of coal— one of the most valuable in 
Lancashiteflnd known as the " Arley Mine," — out-crops 
along the^kiks of the river Douglas. Not long since, 
while driving a timnel to divert the course of the river, 
this coal-aeani of C feet in thickness was found to hate 
been rained in a manner hitherto altogether unknown- 
It was found to have been excavated into a series of 
^|^|unal chambers, with vertical walls opening into 
'• IH^i* ^y short passages, and on the whole present* 
ing on' ground-plan something of the appearance of 
a honeycomb. The chambers were stated to be regult 
both in size and form over an area of at least 100 yards' 
in one direction, and were altogether dift'erent from 



t 
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anything witbia the "xpprii'Ui/f" nC the miners of the 
tlidtriot. Lgcal trfitlitiou iiscribod tliesa excavations to 
tlic Danes, lli(ni;A I could-Bot discover upon what 
f;ii.i\iii<l'i. \\i- Aiould probably DQ nearer tlie truthin 
assigning theui to tlie Romans during their sojoum in 
thesS* parts. There is something in the symmetrical 
arrangement and re^arity of the woi^s peculiarly 
Roman, reminding one of their tesselated pavainents, 
or the ground plans of their baths and vilMs, in 
which symmetry of form appears to be the grading 
spirit. It would, however, have been more satisfactory 
had the evidence rested on the discovery of works 
of art within the excavations. But it is time-it*, 
return from this digression to the more atire word of 
history. 

If Whittaker, the historian of Manchester, has been 
nnauecesaful, in my opinion at least,'in establishing upon 
satisfactory evidence the use of coal ,by»yi[|' Ancient 
Britons, he has been more fortunate in flrowng that 
fossil fuel from the Lancashire coal-fields wtf'bumt by 
their successors, the Romans. Castle-FieldJreu original 
settlement of the Britons — was afterwards possessed by 
the Romans under the name of Maucunium. In the 
course of time it has slightly changed its name, and de- 
veloped into the metropolis of the northern counties of 
England. Amongst other Roman remains t 
about a century ago, cinders and scoriie v 
in several places, as well as the '• actual refuse n 
iderable coal-fire."" 
The same author also relates, that in the West Riding 
' " Hiatorj' of MonchoBtor," vol. i., p. 301 (1771), 
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of Yorkshire, near North Erierley, a i^piaatity of Hotnai 
coins, the very best indices for dates, wWB fouud ' 
fiilly roposited " amid many beds of ebal-einders heapeill 
up in the adjacent fields.* 

Assnming from tlie general consideration of the case 
that coal was not imkuown to the Romans — though' they 
do not appear to have invented a name for it while in 
Britain, and it was probably used more irom curiosity 
than from necessity — we enter upon the Anglo-Saxon 
' period, in Tfhich there is documentary evidence of the 
use of pit-coal for domestic purposes. 

Anglo-Sax&n i'mod.^Britton, in his description of 
Peterborough Cathedral, renders into modem English 
the following paragraph taken from the Saxon Chronicle 
of the Abbey of ^^terborougb : — " About this time 
(a.d. 852) the Abbot Ceolred let to hand the land of 
Sempringham to Wulfred, who was to send each year 
to the monastery ' 60 loads of wood, 12 loads of coal, 
6 loads of peat, 2 tuns lull of .fine ale, 2 neats' carcases, 
600 loave^ and 10 kilderkins of Welsh ale, 1 horse also 
each yea^ ^nd 30 sbillinga, and one night's entertain- 
ment.' "t How Wulfred was to send the provident abbot 
" one night's entertainment " it is not necessary for our 
purpose to inquire ; but this statement of the chroniclet 
is highly valuable as establishing the fact that coal was 
^^U^arly period an article of household consumption. 
^H^H^ have been made use of by the monks, who were 
the arffcers and craftsmen of their times, in the manu- 
facture of metal-work for the churches and monasteries. 

• " History of MnnchcBler," vol. i. p. 303, Appendix B. p, 176. 
t ■'Cathtdral Antiiiuitita," tuI. v. 
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I In connection witli this period, it ia matter for dis- 

. whether our term " coal," which is evidently 

Identical with the Gemmn " kohlc," has been derived 

rom OOP Saxon ancestors, or whether on the other hand 

■the Germans have derived it from us. It is probable 

■ the term was in general use before the invasion of 

f the Normans, otherwise the French or Latin name 

would in all probability have been adopted. The Saxon 

name col (now coal) appears to have superseded the old 

British name glo, and if introduced into Britain at the 

colonization of the country by the German tribes, it is 

in favour of the supposition, that the art of coal-niining 

was practised in Europe during the first centuries of the 

Christian era.* 

' I hsTC been &7i>ur«] vith the foUowi^ note oa the deriTatigti of 
fiia word Ouut b; m; relstiTu, U>. WiUiBm J. LciLcock, wluch I give 

"There are only five copieB exUbit of the origioal Saxon Olirooicli:, 
of uridcb fum are in tiie British M&atmin. Tho original Atiglo-8a:ion 
woida nsed in reference to Wulfnid'a rent to the Abbot of Futcrboruugb 
He — 'anb cp»lr iD'Bu|i Epesfao,' i, e., in modem Englisli IcttKis, 
'and twwlf rothnr grffifan.' Boawortli, in Iub A. 9. Diottonarj', gives 
under Orffife, an : m. Cool : Carbo fuaailiti. Cbr. 8S2 : (Av tlie aJxivo 
passage), so that this BoomB to bo the only passage in. wliicb tbo tenn 
is lued. Ko deiivBtiou ia given, and 1 can find no parallel in tlii' 
Dntch or German ; but porhaps aa wo liave Anglo-Saxon ' Greaf or 
Graf:' Dutch the Banie, Qunnflji 'Grab,' and ao Ujrou"li all tho 
northern languages, for a trench or 'grave,' it simply giea 
' dng-np ■ cmth. 

" I find, liowDver, in the A. S. Dictionary. ' CoL plur. cola, coli^ 
i.e. Teireaia Wai, Dut. hoei.] Ooal, carbo ; wifli mfercnco to 
13 and 139. 11, i. b., the Peohns, by SpeJman, J^radon, IGi 
siun of the Ttalguto being used.' 

■■ There is also, Gled.-Gloed, plnr : with many paralleU in 
laoguagee, meaning a burning coal, coal, flre ; caibo. u 
17, 14. At, 
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Anglo-Norman Period. — It ia matter for surprise, ti 
well as regret, that in the Great Surrey of England 
carried out by William the Conqueror, and recorded in 
that most matternDf-fact book, the Domesday Book, do 
inatructions were delivered to the commisaionera for 
inquiring into the extent and value of the mineral 
property of the central and northern counties. They 
appear to_ have confined their investigations entirely to 
the extent, rights, and ownership of the surface land, 
together with the classification of the inhabitanta; but 
throughout the counties of York, Lancaehire, Derby, 
and Nottingham, abounding in coal and other miaerala, 
no mention whatever is made of these latter soureee of 
wealth. 

In order to test this point, I turned to the page 
relating to Chellaston in Derbyshire, where a most 
valuable bed of gypsum, or alabaster, underlies a laige 
extent of surface at no great depth, and crops out 
as a solid bed ten or twelve feet in thickness. This 
mineral (which we know to have been worked centuriee 
ago) could not even at that time have been undiscovered, 
for the ploughshare scrapes its surface in many places 



" In SoHiera' A. S. Diet, tlie iiotd Grsefa ia not to be foniu 
Onef, which meana a grove ns well as a grave. He gives ' Col. 
^^hiUoburu ;' but Buya nothing about derivation. 
^^^^^^Bllowiog is Kichardson's ctjmologicaJ account of thi 
^WMi^Pe aaya it ia 'of nusottled e^moiogy. A S. Col : 
and DiJHi Kale : 8vr. Kdl.' Vossiua derives from the Greek, x"^^ 
pro xf^'- Ignis epithelon. Wachter from xt^^neir, oombnrere. Vi 
aeeoyrto decido for the Sw. QaiUa, Weatro-Qoth Kylia, 
igaeta (to Idndle a Eie). 



PBAG5IENTS IN THE HISTORY OF COAL-MINING. 17 

and it may well be eupposed to have been a source of 
wealtb to the owner. Yet there is no nientioD made of 
the mineral value of the property in the "Dom IJoc." 
ETen the lead mines of Derbyshire, known to have 
been worked by the Romans, are imnotlced, and there- 
fore we need not be surprised that coal receives no 
mention. 

However, in the Boldon Book, containing the census 
of portions of the northern counties, and published in the 
reign of Henry II., we find at least two references to 
coal in connection with smiths' work. Faber, an in- 
habitant of Vemouth, and a person of the same name 
dwelling in Seggeefeld, are described as "finding coals" 
(carbones invenif).* I tliinlr this passage cannot be 
considered as referring to charcoal. The use of the 
word invenit would be inapplicable to the burning or 
producing of charcoal from wood, and evidently refers 
to sometliing which required discovery. It is also not 
impossible that the ■ Faber belonging to both localities 
may have been of the same family. The census of 
Seggefeeld follows that of Vemouth almost immediately, 
and the places were probably contiguous. Now here 
we possibly have an intimation of the early habit of 
the profession of coal-mining running in families, a 

* Inqnmtio de CDUBQetadinis, etreditibaBtotiiisEp'atilsDiiiieliu 
Ann i-i 1183. The difflcullf of reading thisicork, wliicli, like tlia 
day Bouk, \i full of abbieviatioiia auii lilliptical expreBBionB, in 
eKamplta I quole the poaaagea above alluded to ; — " VerooOT 
iM, oci' n femunentp came' & carboncB qro' invenit." "Faber, 1 
bovat. ij fi^rramEtf' canic'. quo llic'. A carbon' invenit." — See Ap- 
s C. p. 176. 
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liabit wliicli at any rate exists in full force in the 
present day. In the maniifftcturing and mining conn- 
ties the factory operatives and colliers form distinct 
classes, separated by habits, and sometimes political 
feeling: a shnilar distinction of class may be observed 
in other districts where the inhabitants are divided be- 
tween miDing and agriculture, the pursuits of each being 
hereditary and traditional. Can it be possible that these 
habits were in operation seven hundred years ago ? 

The Latins had an old proverb, quoted amongst many 
others by Plisedrus, " Carbonem, ut aiunt, pro thesamo 
invenimus." This has been considered as referring to 
charcoal ; but it appears to me under this supposition to 
lose all its signiflcancy. The same objection may be 
urged to this interpretation as has been stated in refer- 
ence to the passage in the Boldon Book^for the i 
expression is used in both. 'Tinding" a lump of coal 
instead of treasure has some meaning in it, but the find- 
ing of a piece of charcoal under similar circumstances 
appears utterly unintelligible. 

The year 1259 is memorable in the annals of coal- 
mining. Hitherto the mineral had not been recognised 
by authority or in any public document ; but in that, 
year King Henry III. granted a charter to the freemen 
of Newcastle-on-Tyne for liberty to dig coals. Under 
iea-coal " a considerable export trade 
ihed with London, and it speedily became an 
article of consumption amongst the various manuiac- 
turera of the metropolis. But its popularity was shortr 
lived. An impression became general that the smoke 
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arising therefrom contaminated the atmosphere, and 
waa injurious to the public health. Years of experience 
haa proved the fallacy of the"Siiiputation; but in 1306 
the outrry became bo general that the Lords and Com- 
mons in Parliament assemblal presented a petition to 
King Edward 1., who issued a proclamation forbidding 
the use of the offending fuel, and authorizing the de- 
stmctiou of the furnaces and Idlns of all who should 
petsist in using it. Thia was the year before the mo- 
narch's death, and the year which saw the overthrow of 
his life-long attempts upon the throne of Scotland, 
through the intrepidity of Robert the Bruce. But the 
proclamation against coal was as abortive as the endea- 
vour to conquer the patriotism of the Scots. Prejudice 
gradually gave way aa the value of the fossil fuel be- 
came better known, and from that time downwards its 
use became more extended; and it is very probable 
that throughout the 14th and 15th centuries coal was 
extracted near the outcrop of the beds over most if not 
all of the eoal-iields of Britain and Ireland. Historical 
records are still extant from which we learn that 
collieries were opened during the 14th century in 
various parts of Yorkshire, Durham, and Northum- 
berland. {Appendix D.) 

The difficulties under wliich mining operations were 
carried on before the inventiija of the stoftm-eng±A 
and more particularly of the " Davy lamp," must W^ 
been very great. An anonymous writer in the " Buildei- " 
states, that in many mines the only alternative the 
mediaeval miner had to pitch darkness was the phos- 
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pliorescent gleam from dried flsh." Those who wish to 
understand the art of raining as it was carried on at^tiis 
period will find their cu(*osity amply gratified by tum- 
ing over the p^es of Agricola'a work on this subject.. 
The author, who wrote in the middle of the 16th cen- 
tury, has illustrated the various proceBses by a profusion 
of quaint drawings on a large scale. The horse-gin, 
which survives to the present day in many districts, was 
the engine chiefly employed both for lifting the coal 
and for getting rid of the water. This latter object was 
also sometimes effected by means of pumps turned 
win dmill s, or through tunnels driven with great labour 
to an outlet at a lower level. 

Pennant, in his account of the collieries of Flintshire, 
states that there is documentary evidence to show that 
the coal-seams of Mostyn were worked in the time of 
Edward I. ; and in the 17th century, Dublin and the 
eastern parts of Ireland were supplied from this dift- 
trict.t 

In the year 1600, or thereabouts, coal was worked at 
Bedworth in Warwickshire, as jwe learn from Camden, 
who describes the process, and says that the mineis 
assured him that large toads had been found in the solid 
coal J In this century also thb mineral treasures of the 

' Bee Appendix E. p. 179. 

4 Tour in Wales, yoL i. (1784). 
"■Omnden'a Britamiia, Gongh'a edit., vol. ii., p. 464. This belief 
omongBt miners of the exietonco of live toads in coal ie very extra- 
oidioEtry, and ia almost coestecsive wiUi the art. I was aBsured by a 
miner in Lancasbire, near Ormekiik, tbat a toad had boon brought np 
in a piece of coal from a mine thiit;-8ix yards in depth, vbicb 
immediately TevlTed on reaolung the gurfiice I 
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bisliopriok of Durham were well known ; and early in 
tlie ITth century the cannel-coal of Lancashire waa 
used, not only by the poor for candles, but was manu- 
factured into various articles of ornament or use. Cam- 
den, in speaking of the discovery of this most valuable 
description of coal at Haigh, near Wigan, says — " This 
neighbourhood abounds with that fine species of coal 
called canal or candle. It is curious and valuable, and 
besides yielding a clear flame when burnt, and therefore 
used by the poor as candles, is wrought into candlesticks, 
plates, boxes, &c., and takes a fine polish like black 
marble,* 

That coal was worked in Ireland at least as early as 
the beginning of the 16th century, and possibly much 
earlier, may be inferred from the following account 
given by Hamilton in his "Letters on the Coast of 
Antrim." He relates that in 177U the miners of Bally- 
castle, in pusliing forward an adit towards a bed of coal 
in an unexplored part of the coal-field, unexpectedly 
broke into a narrow passage, which proved to have been 
carried several hundred yards to a bed of coal, and then 
branched off into chambers. Pillars had been left at 
proper distances. Some remains of tools and baskets 
were found, which speedily crumbled to pieces. Those 
who are aware how the accounts of mining operations 
are handed do\ni through several generations will rea- 
dily admit that the old works here mentioned, and of 
which all local tradition had been lost, must have been 
carried on at least a century and a half before the period 
»•' Briiannitt," vol. iii., p. 390. 
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when they were afterwards discovered, which would 
tlirowback the date nearly to tlie begmuing of the 16tli 
century. 

In Scotland the coal-seama of the Lotliiana and Fife- 
shire were probably worked at a very early period. 
Agricola, and after him Camden, mentions that in his 
time there existed in the latter county old coal-pits, 
filled with water, and surrounded by mounds of refose 
called coal-heughs ; and he adds that " many of the beds 
of coal have been on fire for centuries, and the heat still 
continues to melt the snow on the surface."* These old 
coal-works would appear to hare been at least as old as 
the 15th century, 

Campbell, in his " Political Survey of Britain," pub- 
lished in 1774, -f gives us some interesting details of the 
coal-trade in his time. He states, that although coal 
waa employed in manufactures for several hundred 
years, it did not come into general use till the reign of 
Charles I,, and waa then sold for seventeen shillings a 
chaldron. In 1670, about 200,000 chaldrons, and at 
the Revolution (1690) upwards of 300,000, and in 
the reign of George III, (1760) double that quantity, 
was annually consumed in Britain. He adds, " There 
is little room to be alarmed from the apprehension of 
their (the mines) being exhausted, as the present works 
are capable of supplying us for a long series of years, 
and there are many other mines ready to be opened 
when any of these shall fail," — a piece of information 

• Camden's BrilamuQ, yoL iy., p. Hi. This elaborate work \ 
pnbliahed in 1607. t VoL "-. P- 30. 
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wliicli must have been exceedingly consolatoiy to those 
of the last generation, but not so aBBuiing to ns who 
have lived to see the annual eousumption of nearly 70 
millions of tons. 

Sir John Clerk, in a letter to a friend, written in 
1739, gives an interesting account of the collieries of 
Whitehaven.* The coal-beds even at that time were 
worked far under the sea, so that, as the writer observes, 
Sir James' riches in part swim over his head, for ships 
pass daily above the very ground where his colliers 
work. Tho coals were drawn up by an engine worked 
by two horses, which went their circuits at fuU trot every 
eight hours, and three changes were employed every 
twenty-four hours. Sir John Clerk then proceeds to 
give a long and minute account of the quantity of 
coal raised, its cost, and how much the proprietor 
cleared after paying all expenses, which amounted to 
the very moderate figure of 600^. a year, or thereabout. 
The writer also states that the upper coal-seams were 
much exhausted near the sea, but that untouched trea- 
sures lay below. 

We have now reached the mai^iii of a new epoch in 
coal-mining, marked by the discovery of the safety- 
lamp by Sir Humphry Davy, and of the steam-engine 
by Watt, While the latter invention opened up a 
thousand new channels for the employment of coal, and 
at the same time gave the power of raising this mineral 

* Tliese coUierica belonged to Sir JamGa Lowther, viho ti&a lield 
in Iiigh estimation by the people, hia death beipg looked forward to na 
» pnblio calomit;. Camden, vol. iii., p. 131, Ooogli'a Edit 
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from great depths, tlie former enabled the miner to 
light his fl'ay through those dark caTerns surrounded by 
inflammable gases with comparative safety. As was onca 
truthfully and grandly said by Eobert Stephenson :— 
" We firo linog in au age when the pent-up rays of fljat 
Biin" which shone upon the great Carboniferous forests of 
past ages are being liberated to set in motion our milli 
and factories, to carry us with great rapidity over the 
earth's surface, and to propel our fleets, regardlesa of 
wind and tide, with unerring regularity over the ocean.' 
Alas ! that so great and good a man did not sniv 
vive to see that greatest triumph of naval architecture 
which has just returned to our shores. It is significant 
that the largest ship and the longest bridge the world 
has ever seen should have been completed in the same 
year, while it was not the will of Providence that their 
projectors should themselves witness their completion. 
"V\''e may safely aver, that but for the invention of the 
steam-engine and the produce of our coal-fields, theae^ 
great works would never have been projected. 

We have now carried down the history to our own 
times. 

The average quantity of coal raised annually in Great 
Britain is 67 millions of tons, which is at least three 
times greater than the combined produce of all tita 
remaining coal-fields of the world. This will appet^ 
fronJthe following synopsis. 
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mual Production of Coal in various Countries. 

Great Britaio and Ireland G5,887.9O0» 

Dnited Stfttea of AmL-rici S.OOO.OOOt 

Biitiuli Pod9eseiaa9 of America .. 1.500,OQOt 

BolKlum 8.409,39^ 

Fii&ce IJiOsiit ' 

Pniasia and Anstria 4,200,DO0§ 

Saxony 1,000,000 

'RuaaiaanJ uthcr Eurapum States .. .. 1,000,000|| 

Japan, Gliiua, Borneo, AustmlM, iSrc. ., 2,000.00011 

TotolproduoooCthonrotlJ .. -. 90,737.547 
■■ Xt thus appears that the totftl quantity of colli raised 
over the whole globe is about 97 milliona of tous, of which 
the produce of Groat Britain is more than two-thirds, and 
would be sufficient to girdle the earth at the equator with . 
a belt of 3 feet in thickness, and nearly 5 feet in width. 
Now if we recollect that the coal-iielda of the United 
States of America are nearly fifty times larger than 
those of Great Britain, we may form some conception 
of the enormous drain to which, hi comparison with that 
country, the mineral resources of our httlo island are 
now being subjected.lj 

• "Mineral SlatiaticB of Great Britoiu," by Mr. E. Hunt, 1858. 
t Taylor 'fl "Statistica of Coal," 1855. 
J For tlie year 1856. Appendix E. 

I Eacyclopaidia Brit., 8tli Edit. 

II Kstimatci 
"T See Part iii. Cbap, 1, 
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CHAPTEK n. 

FORMATION OF COAL, 

That cool b of vegetable origin, is demonstrated not 
only by its microacopic etructure, its combustible pro- 
perties, but also by its position in the strata, and tlie 
fossil plants with which it is always associated. There 
are at least two theories, each having its advocates, to 
accotint for the formation of coal : the first, which would 
assign its origin to the drifting of vegetable matter by 
^ rjvers and floods into estuaries and shallow seas, where 
becoming water-logged it formed a bed or stratum aloDg 
^ the bottom, and was entombed by the overspread of 
sediment ; tlie second, which refers its origin to tha 
growths of successive forests in the positions, and over the 
areas now occupied by the seams of coal themselves. * 

Without denying the probability that some excep' 
tional beds of coal have been accumulated by drifting 
and believing that drifted plants and stems of 
are of frequent occurrence in the sandstones and athcs 
strata of the Coal-measures, yet the second theory,'— 
that of the growth of the plant sin situ, — appears u 
much superior to the former in explaining the comply 
cated phenomena which present themselves, that I feel 
constrained to adopt it here. 



* Tlio nrgunieiits and difficulties on 
ate rerj fairly stated by Mr. Jutea, in 
StaffaidBbirB Coal-field." Second Edit. 
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It will, however, be more intelligible, if the reader 
becomes in some degree familiar with a, few of the leading 
members of that Inxuriant flora which flourished in the 
Carboniforous period. 

That we have only a fragmentary wreck of the plants 
of thia period must be evident, for although vegetation 
attained a vigour which has never before or since been 
equalled, yet the number of speeiea of coal-plants as yet 
determined ia only about l-20th of that now growing 
over Europe alone. The ntmiber of species noticed by 
the great fossil-botanist Brongniart was 500, which are 
3 follows :* — 



* 



ThaUogens . 


G speci 


Acrogens . 


. 346 „ 


Gymnosperma . 


. 135 „ 


Doubtful . 


. 13 „ 



TJnger has raised the number to C83 ; but when we 
recollect that this includes not only the plants of Europe 
but of North America, it shows how much is lost to U8 
of the vegetable productions of tjiis period. 

The perishable nature of plants under moisture, or 
water, ia the principal cause of the fewness of the species 
preserved. For instance, there is every probability that 
there were grasses, mosses, and sedges, but of these we 
have scarcely a trace. It is probable, however, that 
individuals of a few species predominated very lai^;ely, 
as ia the case now in our pine forests; or the great 
cypress swamps at the mouth of the Mississippi. 

" Hiatoiie dea T%^ax FoBBiles." (Appendix F.) 



A 
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Dr. Lindley, by a very interesting experiment, appean 
to have arrived at a clue to account for the large pre- 
ponderance of certain classes of plants amongst those 
which have been preserved, By immersing in 
water for two years a large number of plants, as nearly 
as possible representatives of those of the Coal-measmes, 
he obtained the following results. — He found that the 
Dicotyledonous plants are in general incapable of re- 
sisting decomposition when immersed for two years, with 
the exception of the Conifene. 2ndly, That Monoeotyle- 
donoua plants are less liable to decomposition, but that 
id sedges perish rapidly. Srdly, That fungi, 
d equisetums disappear, while ferns have a great 
power of endurance, the effect of immersion being only 
to destroy all ti-aees of fructification ; a satisfactory re 
why fossil-ferns scarcely ever present this portion ol 
their structure, though the fronds themselves occi 
great numbers, and in admirable preservation.* 

There appears to have been a uniformity in the vege- 
tation of the coal-period, to which there is now no parall^ 
The same genera, and most- of the same species, ranged 
throughout the whole of Europe, and of North America 
from the Arctic regions as far south as the 30th pardlel 
of North latitude ; and this uniformity of vegetati 
continued vertically, for we find the same species rang-' 
ing throughout the whole series of strata, sometimea 
amounting to a thickness of 10,000 feet 

But perhaps the most inexplicable phenomenon 

connexion with this subject is the occurrence of coal and 

• Lindley ami Hutton ; " Fossil Flora," vol, ill. 
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Carboniferous plants in the Arctic regions. Reasoning 
from analogy we could never have supposed that in lati- 
tudes now subject to the severest frosts throughout the 
greater part of the year, and even deprived of light for a 
long period, a vegetation could have flourished allied 
to that of the tropics, or at least to that of the 
wanner temperate zones of the present day. But, in 
truth, the period of the coal-formation was entirely 
unique ; it was never forestalled, and has never been re- 
peated ; and of some of the most important coal plants, 
as Sigillaria and Lepidodendron, there are no living 
representatives. The general opinion of the highest 
authorities, * appears to be that the climate did not re- 
semble that of the equatorial regions, but was one in 
which the temperature was free from extremes: the 
atmosphere being warm and moist, somewhat resembled 
that of New Zealand and the sun-ounding islands, which 
we endeavour to imitate artificially in our hothouses. 

Of the plants- which have been preserved to us, the 
ferns seem to take the lowest rank, and the Coniferse 
the highest, the Calamites, Sigillarioe, and Lepidoden- 
drons occupyiQg intermediate positions.t The ferns con- 
stituted a most prolific class, occurring in vast quantities 
in the shales which overlie the coal-seams. The SigillarisB, 
Lepidodendrons, and Calamites appear to have formed 
the greater mass of the coal ; and the roots of the former 
especially (Stigmarise) penetrate in vast quantities the 

• See Sir 0. Lyell, •♦Elementary Geology," 5th edit., p. 399. 
t Sir yf. Hooker " On the Vegetation of the Carboniferous Period." 
Mem. Geol. Survey, vol. ii., p. 395. 
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imder-claya or floors of the coal-seams. Coniferous treeS) 
however, formed a considerable portion of the mass of 
the coal, and seem to have grown in company with the 
more characteristic plants above mentioned. I 
proceed to give a short description of the genera which 
have been the most prolific and characteristic amongst 
the flora of this ancient period. 

Febns. — These form a very large proportion of tiia 
PI ,_ Carboniferous flora ; 

and, with the excep- 
tion of their fructifi- 
cation, which has al- 
most always disap 
peared, are preserved- 
in great perfection. 
They are represented 
at the present day by 
the arborescent forma 
of the tropics, which 
flourish in Ceylon, tha 
islands of the Pacific, 
and the Indian Archi- 
pelago, where they 
are so abundant as to 
equal in numbers the 
whole of the phane- 
rogamic plants. 

The most abundant 

species in British Coal. 

are — PeccpterU, of which there are 6' 
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Sphenopterig, 28 species ; Neiiropteria, 24 species.* Of 
the 140 species known in Britain, 50 occur in tbe same 
formation in North America, some ranging irom Nova 
Scotia as far south as latitude 35°t- It isi however, to 
be remarked that we know little of the habits of the 
ferns of the coal-period, whether they grew out of the 
ground, or attached to the stems of trees ; and it is 
even extremely uncertain what proportion of the large 
assemblage of species were tree-feme, as we never find 
the fronds attached to their stems ; and the stems them- 
selves are of extreme rarity, 

Calamites-J — This ia an 
abundant genus, and ia con- 
sidered by Brongniart to be 
represented in our day by the 
IkptUetacem, of which the 
horse-tail of om" swamps and 
ponds is a familiar example. 
This family extends from Lap- 
land to the Equator, attaining 
the greatest number of species 
in the temperate zone. The /J 
fossil genera differed from the /-^ 
recent, in the absence of the ciiunit« .erucm.taii. 

encircUng sheaths at the "^ mS!^'^,'^^°c^;^'C.r 
jointa. Tbe Calamites almost ™*''"' *•" 

nhetiiei if belongs tc 




M 



• I omit Cyclopteris, lu it U 
Eem tiibe. 

t Hooker. Ibid., p. 40i. 

J The following is tho description of this ^nns bj Lindley and 
[otton : " Stems jobtod, legularl}- and olosel; fniroTed, hriln w 
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always occur leafl&ss, anJ frequently attaia a lengik 

of twenty feet 

SlQiLLABiA. — This plaut is perhaps, individiisUffi 
the most abundant, 
and has contributed' 
more than any otter 
to the production of 
coal. It has no liv- 
ing representativea; 
and about sixty 
ciea are known. 

Sigillaria may bt 
readily distinguie^ee 
from the stems 
other plants, and of 
Lepidodendron, by 
the flutes and striiS 
of the bark being 

disposed longitudinally, or parallel to the asis of tha 

trunk, and impressed with leaf-sears at regular 

vals between the furrows,* 

Sigillaria attained a colossal stature. Sir C. LyeH 

mentions an individual 72 feet in length, found M 




divided internally al tlie joints by a tranaveree diftphrngin, te. 
Leaves (?) vertioillate, very [larrDW, numerong, and ample." — "FoB^ 
Flora." 

• The following IB tbediagnosisofLindleyajidHntton: "SigiHatia, 
stem conical, deeply fmrowed, not jointed ; scats placed between tba 
tWniws, arranged in vertical columns, emootli, mucli narrower Qian I 
iBterral which separates tbem." — " FoBsil Flora." 
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Newcastle.* They expand to a breadth of six to eight 
feet at the base, and from this taper towards the summit. 
Stems are frequently found standing erect on the roof 
of the coal, traversing several series of stmta.t The 
character of the foliage is altogether unrei-tain, but the 
nature of the root has been clearly demonstrated by 
Mr. E. Binney, from observationa in the Manchester 
coal-field. Enormous rizomes, or root-stalks, radiating 
from a central axis, and spreading horizontally, had fre- 
quently been observed and described, under the name 
St^maria fieoideg. They are covered over by multi- 
tudes of small circular indentations, from which radiate 
carbonized rootlets, penetrating the clay in which the 
rizomes are embedded. They were at first supposed to 
be a distinct class of plants ; but when Mr. Binney dis- 
covered, in the neighbourhood of Manchester, several 
upright stems of SigiUaria attached by their bases to 
these spreading rizomes, it became evident that these 
portions stood in the relation of stem and root ; and 
foaail-botany now labours under the disadvantage of 
having two generic names for different parts of the same 
plantj 

The internal portion of this plant (Sigdlaria), has 
rarely been preserved in a state suitable for investigating 

♦ "ElpmeulH of Geology." 5ih edit, p. 376. 

t Beveml Btems were found standing on theuppereurfiice of ii coul- 
ficiuii at Dixont'old ncoi MiincheBtcr. 

< BeTeml Giie apccimeiia are in the geological callection of tbu 
.MUHduin of Nfttaral Hiatory, Maocbeflter. Iii one of tliem lliu upper 
[nut of the fltem is a large Sigiliariu, t!ie lower pari paasing downwacda 
■a (Stigiuariu) , 
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its structuro. A silicified fragment, however, fittta- 
nately reaelied the hands of one of the greatest of 
modem botanists, M. A. Brongniart, who was thus 
bled to examine with the microscope the form and 
arrangement of the tissues. The result of this investi- 
gation tended to show that Sigillaria formed a peeuhar 
family of GonifercE, but without any Hving repreBenta* 
tive. 

LEPiDODEKDRON.f — This is an abundant and large- 
sized plant of the coal-period ; one specimen from the 
Jarrow coal mine being more than 40 feet in lengQi, 
and 13 feet in diameter near the base. Notwithstand- 
ing its size, it has been shown by Brongniart to have ita 
representative in the diminutive cluh-moas (Lyeopo- 
dium) of our mountain heaths. This tribe is generally 
trailing ; but in the tropics there are a few erect 
species, one of which. L. denmm of New Zealand, 
attains a height of three feet^ 

A fragment of Lepidodendroo may be easily distin* 
guished from Sigillaria by the manner in which the leaf- 
scars are arranged spirally around the stem, giving it a 
scale-like aspect, from which it derives its name. There 
are about 40 British species, distinguished by the fbm 
and aiTangement of these scars. 

In the trunks of Lepidodendron, small oval 
cal bodies {Lepidostrobi), have frequently been fomid, 

• •' Archives du Muspum d'Hietoire Nafurelle," torn. i. 18S9. 

t DiagnoaiH ; — " Lopiilodandroli. Stems dichotomona, covered m 
their extrumitiea by simple linear, or lanceolate leaves, inserted np 
rhomboidal areolie ; tower part of tho Btem leafleea ; oreoUe maAed 
near their upper part b; a minute soar." Undley and Hutlon. 
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often in numbers. They were evidently seed-vessels, and 
seem to have been divisible into two lobes, the upper 
conical, the lower cylindrical, and both covered with 
scales (see fig. 4). 

When enclosed within the trunk tlioy are found in 
an erect position : in other words, Fig. 4. 

with their major axis parallel to 
that of the tree. Sir W. Hooker, 
by a series of careful observations, 
has shown the lepidostrobi to be 
the fi^t of the tree itself, and ac- 
counts for their presence in the 
trunks by supposing them to have 
been washed in by tropical rains 
and floods when the trunks them- 
selves were standing hollow and Lepidostrobos omattu in a no- 

J J _i_ nrr 1 i» T 'J ^^^^ ®' Ironstone. In the 

decayea-T Ine leaves OI JLepido- Bristol Museum (Hooker.) 

dendron were linear, and have been found attached 
to the stem.^ The root is supposed, though without 
any degree of certainty, to be represented by Halonia, a 
portion of a plant covered with projecting scars spirally 
arranged, and originally supposed to have been a plant 
aUied to Lepidodendron itself. At the same time the 
root has never been found attached, and it is not im- 
probable that Stigmaria ficoides may have constituted, 

* Memoirs of the Geological Survey, vol. ii.» part 2, p. 440, with 
plates. 

t In Lord Stamford's musenm at EnviUe there is a specimen of 
Lq>idodendron, collected by Mr. H. Beckett, containing three species of 
shells — Unto (?), modiola^ and mytilus. 

X For figures of which see the " Fossil Flora." 
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at least in some of its varieties, the root of both Sigillaru 
and Lepidodcndron, 

Lycopodites. — This was a genns of plants allied to 
Lepidodcndron, with pinnated branches, and leaTM 
inserted all round the stem in two ojjposite roTra, not 
leaviDg clean and well-defined scars, 

The genua Knorria of Stemherg no longer exists 
as Bucli according to the view of Prof. Goppert, who is 
of opinion that it is only a form of Sagenaria or Z«p£- 
dodendron ; and that the most common species in the 
lower Carboniferous rocks, Knorria imbricata, belongs to 
Sagenaria Weltheimiana* 

TJlodendron. — A plant of which the affinities are al- 
t^igether uncertain. It was of considerable size, reachiog 
2 feet in diameter ; the bark is striated, and 
with large circular branch (?) scars at alternate and 
regular intervals. 

Conifers. — It is not without significance, as bearing 
upon the theory of " Development," that coniferous trees 
formed a very important part of the flora of this ancient 
period of the world's liistory ; so that, as remarked by 
Sir 0. Lyell, their presence precludes us from cha- 
racterizing the Carboniferous flora as consisting of 
perfectly developed plants, — the Conifenc taking a hi^ 
position in tlie ranks of vegetable organization, t 

• "Ueber die fossile Flora lier Siluriachen dt'r DeTouisehen 
nnteren KoblonforaittlJon," 1859. 

t "Elements," p. 374. Tlit-lnleMr. Hugh Milliir lias demonsttfttad 
ttie ciiatence oCConiferie bX b laucli earlier period — that of the Old BeA 
Bandatona of Sootland. Bee " FootpiiDts of the Oreator," p. 199. Ftut 
GJippett hoB recp.titl; ehown that the Conifem moke tlieir 
nmongai the upper DevoniftD rocks. — " Jaurn. Gcol. 8oc." voL 
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Tlie prevalent type seems to have been that of the 
Araucarian or Norfolk Island Piue ; but seed-conea 
resL'inbling those of the genus Pinus liave also beeii 
found. One specimen from the Newcastle coal-field is 
figured by Lindley. " 

The ConiferEB of the coal-period differed from those of 
tlie present day in the large size of tlieir pith ; and the 
remarkable, and for a long time inexplicable, fossil, 
found generally in sandsloness known aa Stenibergia, 
has been demonstrated by Professor Williamson to be 
the pith of these trees. 

The little ribbed nodular mass Trigonocarpum, found 
in great numbers throughout the Coal-measures, fonnerly 
considered as the fruit of a palm, is now believed to have 
been tbat of a coniferous plant, which lite the nut of the 
juniper was enclosed in a fleshy envelope. With re- 
gard to the leaves, it is now believed that some which 
were formerly supposed to belong to palms, as Nwggera- 
tfda, a beautiful fan-shaped frond, were in reality those 
nf ConiferEB, represented in the recent sub-tropical coni- 
ferous tree Salisburia adtantifolia. Thus it appears that 
all evidence of the existence of palms amongst the Car- 
boniferous flora has been obliterated. 

These details may appear to some uninteresting ; but 
they serve to show how necessary is a large acquaintance 
with the vegetation of the present, before we can rightly 
understand that of the past. An acquaintance, however 
\-aried, with the recent botanical productions of our own 
eoimtry, would tend to throw little ligbt on the nature of 

• •■ Foaail Flora," vol. iii. p. 43. 
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that flora wliicli flourished upon the earne spot bo many 
ages back. The tropics, and even the diametrical iy oppo- 
site portions of the earth, as New Zealand, Australia, and 
Norfolk Island, have to he searched, in order to fomiah 
analogous productions ; and where these are sought for 
in vain, as in the case of several Carboniferous g{ 
we are at a loss how to reproduce before our i 
those bygone strncturea of which we only find thi 



Having thus very briefly noticed the plants whidi 
were chiefly employed in the production of coal, let m 
proceed to consider the manner in which this mineral! 
became imbedded, and thus securely stored throng 
countless ages for the use of man. 



Goppert's Classification of the Flora <^ the iSUmian, 
Devimian, and Lowe.r Carbmiiferoua FiyrmaHona. 
Professor Goppert, as the result of an elaborate s 
of investigations embodied in a work just given to the 
world, offers the following synoptical classification of the 
flora of the above-mentioned formations which ia sped- 
fically distinct from that of the true Coal-measures. 

Note. — The HtQiient is recommended toetiiiiy Dr. Hooktr'smtereBtinj 
GBsay "On the Vegetation of the CiirbonlfiitDua FGriod aaoo: 
vfith tllat of the present Doy." — Slemoire of tliu Geological Sur- 
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I. Silurian Formation. 



1. Lower Silurian formation . . 17 spmes. 

2. Upper Silurian forniution , . 3 „ 

20 „ 
These all belong to the Alyx, 

II. Devonian Formation. 

1. Lower Devonian species. 

Five of these are Algts, one a terreBtrial Sigillarta, — 
S. Mavumoiini, Gopp. — found in Scandinavia. 

2. Middle Devonian 1 species. 

A terrestrial plant Sagenaria Welfheimiana. 

3. Upper Devonian 57 species. 

Ferns, CalamhiecB, Equisetatete, Lepdodendrea, Lyco- 
podiaeecB, Stffillariece, Comferw, NcpggeratMS^ , 

1. Lower Carboniferous . . , 108 speciea 

1. The Carboniferous Limeslcne contains 47 species, 
of whicli one is an Alga, 

2. The flora of the " Culm," (Upper Limestone Shale ?) 
contains twenty-three species, of wliieh one plant is 
marine. 

Of all these species of the Lower Carboniferous Itotks 
only seven pass upwards, and one single plant, Neurtf- 
teria Losfiii, survived into the Feimian poricd. 
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Fossil Shells of the Coal Period. 

The raolluaca of the true Coal-raeasure period are con- 
fined to a few genera and epecies. Bivalves are meet 
numerous, after them Cephalopoda, and Gasteropoda Bre 
rare. 

In the upper and middle Coal-measures of England, 
the most ahundant, and often the only sliells belong to 
the genua Anthracosia, formerly supposed to be an in- 
habitant of fresh water, and hence allied to the genus 
Zhao. Of this there are a great immber of spedee. 
The genus Modiola, has also its representatives in this 
part of the series. 

Amongst the dark shales of the lower Coal- 
the following genera have their representatives : Naaiir 
ha ; Orthoceroi-^ihis latter is both scarce and ill-dere- 
loped ; Ooniatites, very plentiful ; Aviculo-pecten ; Splrifer 
and Producta, very rare — one specimen of this last 
having been found in the MiHstone Grit series of Lanc^- 
fula; Posidonia, Amongst the Gasteropoda 
, Cirrus, Pileopsis, and Patella. 

For examples of several of the more characteristio 
forms the reader is referred to the Plate of Fossils. 
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FORMATION OF COAL. 



When Sir William Logan, twenty years ago, was en- 
gaged on his great survey of the coal-field of South-Walea, 
he found it to be an invariable rule that every coal-seam 
reposed on a bed of clay (underclay) penetrated by the 
rootlets of Stigmaria ficoides. " This observation has 
been extended to every coal-field in Britain, and although 
the character of the underclay varies considerably, some- 
times becoming a hard siliceous stone, yet the presence 
of the carbonized rootlets shows that it has borne the 
sauie relation to the coal as have the softer under- 
clays. This observation of Sir W. Logan established 
the hypothesis that the plants of which coal is formed 
grew upon the Spot where we now find them mineralized, 
and that the underclays formed the soil from whence 
they sprung. ' «^ 

Xow these underdays are distinctly stratified, 1 1 r in jy . 
that they have he^n deposited under wat^sr ; and hence 
it was supposed that in order to become the receptacles 
for the growth of luxuriant forests, they must have been 
elevated into dry land, and then, after having been co- 
vered by vegetation, again submerged to be over- 
spread by sands and clays and other sedimentary ma- 
terials which combine to form the strata of the Coal- 
measures. This theory requii'ed a series of oscillations 
"^Geological Tranaactiona," 2Qd Beriee, vol. vi. 
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over a large extent of the eartli'a suiface, which seemed 
rather improbable, and not in accordance with observa- 
tions oil changes of level which have been made in varioDS 
parts of the world. That there are slow elevations, and 
subsidences of the surface in operation more or lesa ex- 
tensively, is proved by plienomeoa exhibited on onr Bear 
coasts,* where in some cases old sea-beaches are fooud 
at elevations far beyond the reach of the waves, and in 
otliers, where forests, and even towns, are known to be 
engulfed ; and the whole of the geological record te^chea 
US that similar vertical movementa have been taking 
place from the earlieet periods. 

Along the eastem coasts of South America, Mr. 
Darwin has described the existence of a succession of 
terraces, rising in tiers from the sea-level up to an ele- 
vation of 120U feet. He has shown that each of these 
terraces has in turn been for a long period subjected to the 
action of the waves, which have swept away a vast quantity 
of material, and hollowed out caverns in the rock.t 
Kqv'fis the whole of the land, from the highest terrace 
fdown to the level of the ocean, has evidently been 
under the sea, to have attained its present positi( 
must have been elevated, and each coast line marke a 
pause in the process of elevation. Here is an example 
of a constant change of level, with pauses ; and it pro 
bably furnishes an illustration of Nature's mode of action 
during the coal-period. The process, however, in this 
case must be reversed, and instead of periodical eleyations- 



• For many exanipli^s sec Lyell's 
t " Voyage of the Beagle,'" vol. iii. 
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it is necessary to infer a alow and graJual subsidence of 
the sfu-bed, accompanied by pauses marked in many 
casea by the formation of a seam of coaU 

But another question requires to be cleared up. The 
eoal-seams are associated with strata deposited under 
water; and all recent investigation strengtheus the 
probability that this water was not fresh, but marine. 
In the northern coal-fields of England, some of the 
coal-seams are coTered by black shales coutaiuing re- 
mains of fishes and mariae shells, as Goniatites, Aviculo- 
fecten, Ortluoceras ; and along the coast of Dunbar, in 
Scotland, hands of limestoue, with marine shells, as 
iSpirifer, Produeta, &c., rest upon coal-beds, and on the 
upright stems of Sigdlaria." In coal-measures belong- 
ing to the higher portion of the Carboniferous series, 
bivalves which were formerly supposed to belong to the 
fresh-water genus Unio, have since been found in the 
same stratum with the marine genera Modiola and 
Spirifer,] and have been ranged by Professor King with 
the marine, or brack isii- water genus, AntkracoBia. Mr. 
Binney has shown the probability, that the httle coiled 
shell {Microconchus carbonarius), is in reality a coiled 
Serpula or iSpirorbis, which attached itself to the coal- 
plants ;J and lastly, the minute crustacean abundant in 
eliales, and supposed to' have belonged to the fresh-water 

* Thusu limcatonea, as I nm iiiformod liy Mr. Salter, contiiin fosiil 
rcprteuntutivta of tbit Carbouiferuna LiDii-stono uf Eiij-Iuud ; and it is 
vellknowiitliatapDrliuiiof tbi:Coal-mi'aEursiiaf Scutbiudare uf carlitT 
date ttiitli tlioBu of Euglitnd. 

t Aa I nm ioformed liy Jlr. Binnej. 

^ It is scorcelj aei'tsaary lo reniark tliat 8e;^ula is a mnrine anntlidi;. 
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genus CyprU, is with more probability referred to ^ 
mariuc genua Cythere. Without asserting, therefore, 
that there are no fresh-water strata associated with the 
Coal-measures, I think we may conelude that the whole 
formation has been emphatically of marine origin — ft 
conclusion at which we might arrive on other grounds, 
when we consider that the formation was at one period 
continuous over the greater part of Central America, 
and would have required for its generation a lake of s 
size at least six times the area of all the great lakes t£ 
America united. 

There are two concluBions which strike us most 
forcibly when reflecting on the formation of our coal- 
fields ; — the enormous subsidence of the sea bed, 
and the lapse of time it must have required to pro 
duce a series of strata, with their coal-searaa, in all 
several thousand feet in thickness. 

EecoUecting that every bed of true coal represents a 
land-surface, when we find, as in the case of the coal- 
field of South Wales or of Nova Scotia, strata with 
coal-beds through a thickness of 10,000 or 14,000 feet, 
it is evident that this is a measure of the actual sinking 
of the sea-bed for this one geological period ; or, to 
take an example : — the height of Mont lilane is about 
15,000 feet ; now the vertical displacement wliieh the 
South Wales coal-field underwent, was nearly sufficient 
to have brought tlie summit of the Alps to the sea level. 

Of the lapse of time in the formation of our coal-fielcU 
we cannot have the faintest conception ; it is only 
measured by Him with whom a thousand years ai 
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one day. But the magnitude of the time is not aiuv 
passed by the boundleBsnesa of the providential eare 
which laid up these terrestrial treasures in store for His 
children, whom He was afterwards to call into being. 
Let me therefore dismiss this profitless subject with 
one illustration. Mr. Maclaren, by a happy train of 
reasoning, for which I must refer the reader to hia 
"G-eoli^j- of Fife," arrives at the conclusion that it 
would require a thousand years to form a bed of coal 
one yard thick. Now, in the South Wales coal-field 
there is a thickness of coal of more than 30 yards, 
which would have required a period of 30,000 years for 
its formation. If we, now, assume that the 15,000 feet 
of fiedimentary materials was deposited at the average 
rate of two feet in a century, corresponding to the rate 
of subsidence, it would have required 3,807,000 years to 
produce this coal-field.* 

I have spoken of the difficulty of conceiving frequent 
deoaticms of tlie sea-bed duriug the long period of sub- 
sidence in order that a land surface might be laid dry 
for the growth of vegetation. A much more probable 
supposition is, tliat the coal-plants were fitted to grow 
either partially submerged or at the sea-level. Ana- 
logy would lead us to this conclusion in the case of 
SigiUaria, Calamites, &c., and amongst these abundant 
tribes dense forests of reeds aud grasses probably grew. 

The great swamps at the estuary of the Mississippi, 

• In thia catimole I have adopted a medioni between two tiitrclne 

, fiUmfttes siven by T.jel], •• Eleraenls," p. 38G, 3S7. For a, good resume 

—ei this subject see Mr. Jukce' ".ManuBl of Guolog;," p. 95 et Beq. — 
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along the coasta of Louisiana, Nova Scotia, and the tio 
pical lagoons of the African coast, furnish ua with tite 
nearest representations of the nature of those foreate 
that have produced our coal-beds ; but none of them 
strictly analogous. The physical conditions of tiie coal- 
period stand alone, and we cannot but conclude that tiiey 
were ordained beforehand for a great and evident purpose. 
The strata 
Res which are 

. cjated with tha 
coal consist of 
^ sandstones, 
wliich were once 
sand; slialeB and 
fire-clays which 
were once fine 
mud. Some 
the shales are 
so highly carbch 
naceoug as to 
be nearly black, 
and form 
pure coal called. 
" bass." Eande 
of Hmestone oo- 
eur in the higgl- 
er beds of the 
Goal - measuiSB 
in England, oad 
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throngliout tlie greater extent of the formation in 
Scotland. 

The sandstones are frequently rippled, and obliquely 
laminated, showing the prevalence of currents; they 
also contain fragments of drifted plants. Tlio abales 
have generally been deposited slowly and tranquilly. 
The genej'al succession of strata which accompany coal 
is shown in the annexed section, taken from the neigh- 
ixmrhood of Wigan, and belonging to the luwer Coal- 
measures, or Ganuister series. 

Of Britain it may be emphatically said, " whose atones 
are iron," for clay-ironstone abounds in the shales tif every 
coal-field, either in the form of nodules or in tbin courses. 
She has also erected more altars to Vulcan than any 
other country, and the products of her Carbouii'erous 
rocks — the coal, ironstone, and hmestone — have enabled 
her to take the foremost place in industrial arts. 

Besides iron-ore, the clays contain fronds of ferns and 
fragments of other plants in fine preservation, together 
with remains of fishes and shells. 

The eoal-fonnation is very frequently traversed by 
vertical fractures or faults, which, within a few yards or 
feet, completely cbange the series of strata and the mi- 
neral character of the district. These faults are actually 
vertical dislocations of the rocks, the beds having been 
upheaved or depressed, as the case may be, tens, hun- 
dreds, or even thousands of feet. Many examples will 
he produced when we come to treat of the coal-fields ; 
but I may mention that some of the faults which tra- 
verse the coal districts of Lancashire and StaiTurdshire 
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dislocate the strata to the amount of 600, 700, or even 
1000 yards I How grapMcally has that grand old geolo- 
gist, the patriarch of Uz, described these throes of onr 
great mother earth ; " He putteth forth his hand upon 
the rock, he overtumeth the mountains by the roots 

The Coal-measures of England rest upon a series of 
hard and coarse sandstones and shales — called Jlllillstcme 
Grit ; this again on a thick series of black shale, the Tore- 
dale rocks, which pass downwards by the intermixture of 
thin courses of limestone into the great calcareous de- 
posit, the Carboniferous Limestone. This last formation 
attains in Derbyshire a thickness of 5000 feet, and is 
surchai^ed with marine fossils throughout ; indeed it is 
almost wholly composed of the shells of mollusca, lie 
calcareous habitations of corals, or the broken skeletonB 
of Crinoidea or " stone-lilies." These last must have 
covered the bottom of the ocean in countless myriads, 
forming miniature forests, which rose generation after 
generation upon tlie accumulating layers of their pe- 
rished ancestors, until their remains were snfScient to 
form thick beds of limestone, extending for many miles 
in every direction. In some parts of Derbyshire and 
Yorkshire the limestone appears to be composed of littlft 
else than the disjointed stems of encrinites,* 

The Coal-measures are overlaid by the Permian form-. 
ation, consisting of three members : the lower composed; 
of red and purple sandstones, marls, c^careous conglo- 
merate, and breccia ; the middle of magnesian lime*' 
stone of the north-eastern counties ; the iipper of gypsum, 
marls, and sandstones. This formation is uncoufono' 



^H FORMATIOK OF COAL. 49 

aHe to the Coal-measures, and to the Triae which suc- 
ceeds it. 

Next in succeBsion ia the Trias or New Red Sandstone, 
which, in the absence of the Permian strata, some^ | 
times rests directly upon the Carboniferous rocks. It 
consists of two members, the Bunfer and Keuper ; the 
middle member, the Muschelkalk, being absent in 
Britain. 

The Bunter Sandstone consists of three members : the 
lowest, soft red and variegated sands ; the middle, 
quartzose conglomerates and red pebbly sandstone ; the 
upper, soft streaked and variegated sands. Upon this 
the Keuper series rests unconformably, the upper surface 
of the Bunt«r Sandstone being frequently eroded and 
waterworn. The Lower Keuper Sandstone is introduced 
by breccia, and passes upwards into the Red Mari. 

We ore now in a position to comprehend the forma- 
tion of a bed of coal in olden time. 

Let us suppose that a certain bed of coal has been 
completed by the growth of luxuriant plants over a low- 
lying tract subject to inundations from the sea. Rising 
ground of granitic or schistose rocks in the distance 
defines the margin of the basin and the boundaries of a 
continent from which the sedimentary materials of 
the coal-strata are derived. That growth of vegetation 
marks a period of rest ; but now a slow subsidence of ' 
the whole tract commences. The brackish waters of 
the estuary, and the salt waters from the ocean invade 
the jungle, carrying dark mud in suspension, with float- 
ing stems of trees and fronds of ferus. Presently the 
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mud Bubsidea and covers in one uniform sheet the i 
mulated vegetation of centuries. The process of sub- 
sidence goes on, while the sea-currents aud rivers pour 
into the estuary fine sand and mud, in which branchefl 
and stems of trees from the uplands are included. This 
process continues until the sinking of the ocean-bed 
either altogether ceases or is counterbalanced by the rar 
pidity with which the sediment is deposited. The basin 
becomes gradually shallower, and the plants begin to 
reappear, commencing perhaps at the coast, and creeping 
seaward until the whole basin is again overspread 
forest of huge cryptoganiic trees, arborescent ferns, and 
conifers, with a dense undergrowth of giant grasses. 
These, generation after generation, flourish and die, their 
leaves, branches, and trunks falling around and gradually 
accumulating tdl the pulpy mass attains a thickness of 
20, 50, or 100 feet. The process concluded, the basin 
again commences to subside, the waters return and bury 
the mass for tliousands of centuries; stratum 
stratum accumulates, till the vegetable pulp is subjected 
to the pressure of, it may be, thousands of feet of sohd 
matter. Meanwhile chemical as well as mechaoicaL 
changes ensue, and in pi-ocess of -time what was once 
a forest is changed into a bed of coal. By a i-epetitioii 
of this process, with local variations, we may conceive 
the formation of any number of coal-seams, amounting' 
in some districts, to 50 or GO, and embraced within 
vertical thickness of several tliousand feet of shale* 
clays, and sandstones. Ages roll on, the strata are 
moved from their foundations ; upheaved from the 
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bottom, the breakers and currents sweep away a portion 
of the covering, and the mineral treasures are brought 
within the reach of miniug industry. 



Tabular View of the Trias, Permian, and Carboniferotu 
Series in England. 

fKeupor. fH^-^' 
New Ked Band- I I ^°'^^'^ Keuper Bandatone 

gtons ol Trias I 1 Upper tnottlcd tnndstooe 

'• Bunter . . j Cunglomurato beds 

' LowoT mottled sandatoDe 

Upper FBrmiaji maris 

Magnosian iimfetoDQ 



Caiboaiferona 



Lower Fermian 

li^ende 
Upper Coal- 

(Ardwick) 
Middle Cottl-i 
Lower CoqI- 



nitii lifflctitone 



'"'"" , Millatono grit 

I Lower J Upper lunestouo shale 
I, Carboniferous j CarboEiferoua limeslooe 
I Loner limeetone shale 
Old Red Sandstone and Devouiui racks. 

Having given a brief sketch of the nature of coal, its 
origin, and the strata with which it is associated, we are 
now prepared to pass on to the consideration of the coal- 
fields. 
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CHAPTEE L 

THE QHEAT COAL-FIELD OP BOOTH WALES. 

The coal-field of South Wales is the largest in England: 
and, with the exception of that of Nova Scotia, coutainB 
a greater vertical thickness of strata than any coal-field 
in the wotld, amounting to upwards of 10,000 feet 

It is separated by Caermarthen Bay into two unequal 
portions. That to the east of the bay atretchea to Pon- 
typool, in Monmouthshire, a distance of 56 miles, and 
is the larger portion. The smaller extends to St. 
Bride's Bay, a distance of 17 miles, and is washed by 
the waves of the Atlantic. The greatest transveise 
diameter is IG miles, in the meridian of Neath, 
Glamorganshire. 

The general form of the coal-fleld is that of an oral 
basin or trough, lying nearly east and west. It is 
indented by the bays of Swansea and CaermarthaB, 
which overspread the upturned edges of the strata as 
they cross from shore to shore. It will therefore be 
understood, that from the oval form of the coal-field, the 
highest strata occur near the central axis ; and that in 
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proceeding from this line either 
to the nortb or south, we cross 
transversely Iha up-tilted edges 
of the beds, reaching iu suceea- 
sion lower coal-seams with their 
accompanying sandstones and 
shales, then the Millstone Grit, 
CarboniferouB Limestone, and 
finally, the Old Ked Sandstone. 
Owing, however, to the occur- 
of an arch, or anticlinal 

nd of the strata near the centre 

f the trough, the above descrip- 

1 ia only approximately correct, 

in reality the highest strata 

little to the north and 

sonth of the central axis.* 

iSfeenery.— Along its northern 
borders, the eoal-field partakes of 
a mountainons character, rising 
into lofty tabulated lulls indented 
by deep valleys, along whose sides 
the beds of coal crop out, and 
are worked by means of galleries 
iar into the hilJs. 

Beyond the liraita of the coal- 
^s, the siliceous t 



• Tlieae phenomena are illuBtratBd bj 
the fmoHVdrse sectitm (Fig. 8), whoro the 
Ooal-niQBauroa are shown to be bent up- 
ittie centre .of the trqo^h._ 
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and conglomerates of tbo Millstone Grit form an enei> 
cling zone ; and from beneath theae, the still harder 
rocks of the Carboniferotis Limestone rise to the but- 
face, and present towards the north a range of scarped 
terraces, often broken through by valleys and gorges 
which have been determined by faults, but on the whole 
preserving a general direction parallel to the strike* of 
the beds, and attaining elevations of 2000 feet. Along 
the southern boundaries of the coal-field, theae lower 
Carboniferous formations produce rich and varied sce- 
nery, but not of so bold and elevated a character as 
along the northern margin. 

Surveys, — Following the track of the Ordnance Sur- 
veyors, the geological delineation of this great coal-field 
had been commenced by Sir E. Logan, and subsequently 
completed by Sir H. T. De la Beche and Mr. WiUiama, 
during 1837 and following years. They have left U8 a 
series of beautifully executed maps and sections, pre- 
senting the details as far as they were discoverable at s 
time when the coal-field had been very partially ex- 
plored by mining operations. Of theae documents, it 
was stated by one competent to judge, that they at once 
placed the landed proprietors in the possession of infor- 
mation which it would have taken 30 years to acquire 
by the advance of mining enterprise. 

• Tho " etrike" is a teem to oipreas the horizontal direction of tl» 
■trata, and is perpendicular to Vbe " dip." 
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bera^ Succession of Strata, and t}mr t/iichiesBes, in 1 
I Monmouthshire. 1 

W^l-meamres. — Shales, with ironstonea ; sandstones, J 
including tiie " Gower series," and coal-beds, of j 
which there are about 25 more than 2 feet thick. I 
Total thickness, 11,650 feet. I 

Millstone Grit {Farewell Rock.) — Beds of hard sand- I 
etone and conglomerate, with partings of shale I 
(Merthyr TydvQ), thickness 330 feet. I 

Tarbmiferous Limestone. — Upper heds consisting of I 
alternating dark shales with hands of limestone, I 
passing downwards into massive beds of the latter, 1 
^ thicknesB 1000 feet. I 

1 Med Sandstone, — Conglomerate, red and brown I 
Handstoite, marls, and calcareous corustones, 8000 M 
to 10,000 feet in thickness. I 

tJ)etails. — Westward of Swansea Bay the Millstone I 
Grit disappears, and the lower Coal-measures rest directly M 
upon the Carboniferous Limestone. At Haverfordwest I 
this latter also vanishes, and inland from St. Bride's I 
Bay the Coal-measures repose on Lower Silmian Eoeka. I 
Anthracite and Bituminous Coals. — It is well known ^ 
that a remarkable change comes over the nature of the 
coal-beds when traced from the east towards the west. 
While in the former direction they are bituminous, or 
gaseous, upon reaching the centre of the area, the same i 
coal-^eams lose their bituminous qualities, and gradually ] 
pass into anthracite. Sir H. De la Eeche states that 
this change takes place along a plane, dipping gently 
towards the S.S.E. ; so that in the same spot, wlule the 
coals at the base of a hill may be anthracitic, those 
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which outcrop aloug the heights above may be bitu- 
minoua. Nor is this alteration in the character of th&- 
coals accompanied by outbursta of igneous rock, or by 
violent crumpliogs and contortions of the beds, as ia the 
case in the Alleghany mountains of America, where a 
similar change has been produced ; on the contrary the 
strata are but slightly thrown out of the horizontal 
position. Other causes must therefore be sought for. I 
believe that the doctrine of central heat is a sufficient 
explanation. When we recollect that the temperature 
increases in proportion to the depth, and that in South 
Wales the lower coal-beds have been originally overlaid 
by several thousand feet of Ktrata, since swept away, the 
heat to which they have thus been subjected was pro- 
bably sufficient to have driven off, wherever escape was 
possible, the gaseous elements. There are, however, 
many difficulties which appear inexplicable, especially 
the fact of the coal of the western districts having 
become more anthracitic than that of the eastern.* 

Goal-seams, — There are beds of coal throughout the 
whole series of strata of 10,000 feet in thickness, but they 
occur iu greatest number towards the centre and lower 
parts of the formation. They are also subject to variationB 
in extent, thickness, and quality ; for in coal, as in every- 
thing else, Nature abhors uniformity. By a comparison 
of various sections, the average number of coal-seams ol 
greater thickness than two feet, has been found to be 25, 
giving a total thickness of 84 feet of workable coah 

* For an OJCplanstinu of the change in the coala at Bavih Wales, I 
must refer to the views of EJlr E. De la Becho, MemoiiB of ttie 
Geological Sarvey, vol. 
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^The following summary of the known coal-seams in ^^^ 


several important districts, has been kindly supplied by 


Mr. Salter, of the Geological Survey : I have not thought 


it necessary to insert all the names of the coals :— 
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Name of DiBlrict. 


|a 


ii5 


Principnl Cob.U. 
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«-^-a 










( Mynydd Isdwyn, 5/6 ; Uppa ^^H 
TroL^l. 4/0 : Yard. 3/i ; Upper i ^^M 
fciet Troes j fran, 8/6 ; Lowel ^^H 


1. Mertbj-r Tj-dril 


54 


16 








uuo]. 4/0. ^^^H 








Emedvem.3/4;Bigveii>.4/9; ^^H 
3Hiiiarte[ vein, 3/1; EDgmoTein. ^^H 


2. Ebbw Vule .... 












5/9;G!oiea6ocb,l/0;01dcoitl, ^^H 

Soap vein, 2/8 ;EUed and Big ^^H 
TEinfl, BjdyUog, 5/0; Old Coal. ■ 
5/0. 

Mjnydd iBslwyn, 5/6 ; Bed 


3, Cwm Telelj . . 


29 


13 








4. Pont-y-Pool ... 


25 


12 


-rein, 8/6 ; Rock yein. 8/0 ; Mea- 
Idow ypin, 9/e ; Bottom, 5/0. 
( Gouli Tfin, 13/6 ; Big vein. 


5. PenUergiuB and; 






J6/0; Tryglo, 5/0; Qwendrath, 


Poul-y-gwaeled l 






]3/0; Coed Bacli. 2/6; Pimp 
Iqnart. 3/9. 






19 


' 9-Foot. Pimp quart, 3/9; Gwy- 


mortbenshire | 




,I7d.3/0; Staiillyd.a/9. ' 


7. Llangoiuor. Gla-I 


31 


14 


1 Llaigdnor, 4/0: Coedafvdd. 
5/0 ; Upper frfoot, Famsce vein, 
12/0. 


8. Ciunbrinti Iron-i 




6 


Works i 






9. Bo-nCocbDjfiryi. 


13 


8 




10. Llw ohwT and | 
Kon^lawdd, 


68 


16 


■ Paitii seam. 4/0 ; Great vein, 
9/0; GloBroight. 4/6; Bock 
vein, 5/0 ; Fiery vein, 4/0 ; Frog- 

l]ttBe,3/0; Big vein, e/0. 


11. Penllergare to | 








BJaliopalown, 


62 


25 


Olmiob vein, 4/0. 










12. Cwm Trwcb, I 
nearYatradfjyn-J 
hu, Brecknock ) 


9 


6 


Nine-feet vein, Bmaa vein, 4/0 ; 
Try Gio, 2/0 ; Lompy vein, 2/0. 


^ 
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Irongtones. — The lower measures are the chief reposi- 
tories of ironfltone, aa at Merthyr TyLlvil, and at Tafie 
Vale near Cardiff. They are seldom more than foni 
inches in thickness. The followiug is an analysis of the 
principal bands, made at the Museum of Practical 
Geology. 

Analysis of Ironstones. 





Garb Iron. 


Earthy Matter. 


Upper Tem,YfltTadgunlaB .. 


8G'0 


14-0 


Another reia. Do, 


72'4 


27-6 


Cwm PLil voin .. 


75'4 


24-6 


PoEdaren red vein 


75-4 


24 6 


Jackvein 


Ba-5 


44-5 


Blact-banJ, Pontypool . 


79 5 


20' 5 



The yield of these Coal-measure ores, even in eoft- 
junction with the hfematite from the CarbonifooDS 
limestone, is not sufficient to supply the enormous con- 
sumption, and large quantities are imported from 
Northamptonshire and other districts. In 1S58 there 
were, in the anthracite district, 15 furnaces in blast, 
and in the bituminous district, 132 furnaces, produciiig 
in aU 88(3,478 tons of iron.' 

Faults. — Considering the vast extent of this coal- 
field, the fractures of the strata are not considerable. 
Those which have heen traced are found generally to 
range in a direction perpendicular to the strike of the 
beds. A system of faults has been traced on the maps 
of the Geological Survey traversing the northern edge 
of the basin, which, after crossing the escarpments of 
the Millstone Grit and Carboniferous Limestone, axe 
* •' Mineral StetiBtioB," fot 1858, by Mr. E. HnnL 
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amongst the extenaire tract of Old Red Sandstone | 
of Brecknockshire, 



Mesources, 

In attempting to estimate the dm-ation of the supply I 

of coal from this vast repository I am aware of the difl- 1 

culty of the task. When we regard the enormous amount I 

of fuel which ia stored up throughout a thickness of strata 1 

out of which might be cut a mountain about three timea i 

the height of Snowdon, having a basis of a thousand | 

square miles, and which, as Mr, Vivian has shown, f 

could supply the whole consumption of Britain for nearly 1 

5000 years, it seems almost profane to assert that at | 

least one half of this store must lie for ever beyond our I 

reach, and thus, as far as man is concerned, to have ] 

been made for nought. I£, therefore, there are those I 

who consider 4000 feet as too narrow a limit, it will he I 

satisCictory to them to be assured tliat they have here a j 

store of fuel well-nigh limitless, and which if it had ' 
been drawn upon to its present extent since the days of 
the Noachian deluge, would even still be unexhausted. 

I shall however here adopt, for the reasons stated in 

a former chapter, the limit of 4000 feet, which will ■ 

require a deduction of one-half the full quantity. From | 
this we most deduct one-thiid for the quantity alref 

raised and for waste, and also disregard all seama of 1 
coal under two feet in thickness. 

XbU.^l nitist refer the reader to tlio elofling pages of tliia Essay for 
an eipoaition of my reusons for adaptiiig a depth of 1000 feet as the 
vertical limit of (»al-immiig. Part iv., page 161, 
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Estimate of the Mineral Resources of the Sovih Waia 
Coal-Basin. 

1. Superflcial area, 906 flqaare mileti 

2. Greatest tMckness of Ooal-measmes with) 

3. Number of coal-seums irom 2 feet and up- ) Si feet of workatle 

irards, 23, giving a tliickaees of ■■ ..I coaL 

i. Total quaJitity of coal {corrected foe denu- 1 43,000 millions of 
dation) 1 tana. 

5. Deduct one-half for quantity below 40001 24,000 milUooB d 

feet, iBSTing . ■ . ■ ■ • . . ■ . J lond. 

6. Deduct one-third for waste Bod quantitji 16,000 mUioi 

already extracted, leaving for future supply \ tonx. 

7. Dividing this quantity by 8 millioiia of tons,* the average l 

produce, we find that the supply will last, at the present niie ej 
n, 201)0 jeara.t 



This coal-field, if opened up to an extent proportional 
to tliat of Yorkshire, ought to yield 13 millioos of bma 
per annum. 



Fossil Remains. 

]\Ir. Bevan has recorded the following fosails from the 
lower Coal-measures. They are generally found imme- 
diately over each of the coal-seams along with which 
they ate mentioned. Many of the species, it will be 
observed, are identical witli those occurring in the (V- 

• The quantity raised in 1857, was 8,919,100 tona ; but in Uie W- 
lowing year it declined. 

t Mr. Vivian's estimate is 5000 years, which would bo nearly thst 
of my own, if we odd the quantity of coal below 5000 feet. 
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boniferous Limestone, yet they are stated by Mr. Bevan 
to lie in strata above the Millstone Grit* 

1. Three-quarter coal, Terebratnla hastata. 

2. Bydellog coal . . Athyris, Producta scabricula. 

3. Daren Pins coal Myalina, Antbiacosia (unio). 

4. Old coal . . Anthracosia, Modiola, traces of Crustacea. 

5. Bed vein . . Cardiomorpha. 

6. Blue vein .. Anthracoaia, Modiolopsis, Spirorbis., 

7. Bottom vein . . Spinfer bisulcatus, and fish. 

8. Thin coals in the Millstone Grit with marine shells. 

From this list we miss the Goniatites, Avicnlo-pectens, 
LingulsB, &c., which are so characteristic of the lower 
Coal-measures in the north of England. 



CHAPTER II. 

BRISTOL AND SOMERSETSHIRE COAL-FIELDS. 

At an unusually short distance from the base of that 
raiige of Oolitic escarpments which stretches in an ever- 
Yarying line from Gloucestershire to Dorsetshire, lies 
the Bristol coal-field. The thick series of formations 
which in the midland counties intervene between the 
Coal-measures and the Lias, are here either greatly 
reduced in depth or altogether absent ; and hence we 

* Transactions of the British Association, 1858. 
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may pass from the one formaticm 
the other within a distaace of a hun- 
dred yards.* 

The northern part of the coal- 
field forms a trough lying north and 
south, narrowing towards its northern 
limits, and expanding in the oppfr 
site direction, till, east of Bristol, it 
width of seven miles. 
The beds rise at high angles aloi^ 
the edge of the basin and beyond 
the edge of the Coal-measurea. The 
Millstone Grit and Carboniferoos 
Limestone form parallel belts. Upcai 
the upturned edges of these more 
ancient formations the New Eed Mari 
and Lias rest almost horizontally (see 
Section No. 7). South of Bristol, 
the boundary of the coal-field, 
marked by the range of limestone 
liills, sweeps round to the westward, 
ttud is lost under the sea beyond 
Nailaea Moor, near Clevedon in 
Somersetahira South of this &e 
Coal-measures underlie the Liaasic 
formations of Dundry Hill, and en- 
circle the large mass of Carbonife- 
rous Limestone near Congresbniy. 
♦Tiua dialriqt ia illuBtrated by (he Greclogi- 
cal SurVGj Map^i, 19, 3o, utid i5t:ctit>iia, atmeb, 
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Over the greater part of this area the coal-formation is I 
bnried at moderate depths under newer horizontal strata. I 
jVlong the soathern bomidary of the coal-iield the I 
Carboniferous Limestone of the Mendip HiUs reaches 1 
the surface, trending from west to east, till lost be- I 
neath the Lias and Oolite near Frome. This easterly i 
trend or "strike" of the Carboniferous strata, where I 
we have means of observation for the last time, is I 
highly interesting and important. It leads to the I 
inference that the coal-formation underlies a band of | 
country stretching in the direction of the Thames valley, J 
over which (though composed of Oolitic formations) coal j 
may at some future day be reached at moderate depths. I 
Mr, Godwin-Austen, by a high process of geological | 
reasoning, has shown the probability that this coal-bear- I 
ing band extends right across the whole of the south of I 
England to the north of France.* I 

The extreme length of this coal-field, from its north- I 
ern apex at Cromhall to the northern flanks of the 
Mendip Hiils, is about 25 miles, the strike of the beds 
north of the valley of the Avon being north and 
Bouth, and over the area south of this line from west to 
east. About one half of the nortlieni portion is over- 
laid by horizontal strata of the Triassic and Oolitic 
periods, and of the southern part 9-lOths are covered 
over in this manner ; yet the existence of the under- 
lying coal-field is abundantly proved, not only from 
theoretical considerations but by actual sinkings for 
coal. Shafts penetrating the Lias and Red Marl into 
* Joum. Geo]. Son. London, rol. si. 
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the coal have been sunk at Paulton and Timsbnry, ani 
anotlier near Eadstock, commeiiciiig in the upper bsia 
of the Lias, reaches coal at 200 fathoms.* 
, The succession of strata in the neighbourhood 
Bristol liaa been determined by Mr. D. WillianiB,+ and 
is as follows :— 



Trim 



of Strata near Bristol. 

. Lower, Middle, and Upper Liaa. 
|K*dMiitL 

IDoloinitic conglomcmte. 
(Upper Series, with 10 coal-seam^ 
Coal-MeaeKrei ■ Central, or Funiiant grit, 5 caal-seams . 
(Lower BbaU'lt, 36 coal seams 

ISSklone Grit . . Hard silicioua grite, io 

CarbuaiferoJie Limeelone 



There is thus a total thiclmeas of strata with coal of 
5,125 feet, separated into two divisions by a series of hard, 
massive sandstones (Pennant grit), which will prove a 
serious obstacle to sinking in search of the lower coak 
Of the 51 coal-seams above mentioned only 20 are 2 feet 
and upwards in thickness, producing 71 feet of coal. 

In estimating the reBources of this coal-fleldj large 
deductions must be made on several accounts. First- 
for the disturbed, folded, and contorted state erf tis 
strata along the borders of the Mendip Hills and other 
places ; secondly, because along the uorthem borders 
the strata plunge so rapidly towards the centre of tits' 

• "LecturOBOD Geology," bj Mr. E. Etlicridge, 1859. AlitaeboiA 
containing mucli Taluable ioformation abant the Sriatul ooal-field ; mo£ 
to its aaChnr I am iodebted for many details concerning this diatnot 

t Mem. Geol. Bnrvey, voL i., p. 2m. 
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71 feet. 



tan that many of the coal-seams are there buried at 
depths between 4000 and 500U feet, with the Pennant 
grit superimposed ; and thirdly, so much of the coal- 
field is concealed by newer formations that wo cannot 
as yet speak confidently regarding the strata in some 
places. I have therefore deducted one-third in the fol- 
lowing estimates. 

EaUmate of Jlesourceg. 

1. Area (of vhich only 45 square mileH aro not^ 

conM.Mhyiiemrfoim.tloi),) .. ..) !=» "1""= "lie"- 

2. Greatest Ihicknoss of moaGures with coal .. 5,125 feet, 

3. Number of ooal-ni-ams from 2 feet and up-^ 

wards, 20, giring a thickness of cou,l of . , / 

4. Total original qnantilj of coal (corrected, fori 4 140 niiiiifin 

donudDtion) . . . . ■ ■ ■ . ■ . / ' 

<S. Deduct for quantity inaccessible, epoiled,! 271T 

Ac, one-tliird, leuviag / ' " 

6. Dedact for quantily already worked oot, ono-l 

tentii, leaving | 2,i89 „ 

7. Deduct for quantiljbislow thodeptli of 4,000 j 

feet, one-Bfth ; leaying for future supply! 2,000 „ „ 

about . . . . . . . . . , I 

8. Dividiug tliis quantity by the average prodnco, 620,000 tonB, ne fiud 

that this coal-field would require 3225 years to become cxkausti^d. 

The chief conclusion to be drawn from the above 
results is, that this coal-field is capable of yielding at 
least five times the present quantity of coal if worked to 
the extent of its capabilities.! 

• i. e., under the newer forniBtioQ, 1742 millionB. The actual 
coal-field contdne only 747 millions. 

1 The production above stated (620,000 tons) ia calculated by aub- 
tmcUng 500,000 due to the Forest of Dean, from 1,120,000, the total 
qumlily ndacd in both coal-fields in 1S58. Hunt's " Mineral BlatiB- ' 
fica," 1858. 
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CHAPTER III. 
FOREST OF DEAN COAL-FIELD, QLOUCESTEESHIBE. 
The structure and resources of this coal-field are no* 
thoroughly understood. It forms a more perfect "basin" 
than any other coal-field in England, as the strata 
everywhere dip from the margin* towards the centre, 
except at one part of the western side, where the otbI 
outline is interrupted for a short distance* 

The Coal-measures are surrounded by belts of Jfil!- 
stone &rit and Carboniferous Limestone, which generally 
rise considerably above the tract of the Coal-measures 
they enclose, just as the banks of a lake are highe^ 
than the lake itself; and the Carboniferous Limestone 
in turn rests upon a bed of Old Red Sandstone. The 
general structure resembles that of the South Wales 
coal-field in miniature, and the transverse section (Fig. ■ 
iUostrates the coal-basin of the Forest of Dean as well 
as that to which it more especially refers. 

Scenery. — The scenery around the skirts of this coal' 
basin is rich and varied. The eastern ridge of the Car 
boniferous Limestone overlooks the vale of the Severn 
and commands the escarpment of the Cotteswold Hill 
of Gloucester and Somerset. At the opposite side 
• See Maps of the Geological Surrey, 13. S.E. and 8 W„ i 
Mr. SopwilU'a large map ia the MuBeum of PracticaJ Geology. 

J^ole.— The lioyal Forest covers a space of 23,000 acrea. of wMd 
11,000 are in tiinljer. Deer fonnerly obonnded, but are aow 
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(i7 



Se coal-field the eye rests upou the Vans of Brecon 
2,700 feet in height, and the ranges wLicli mark the 
northern bounds of the great South -Wales coal-field. 
Tlie limestone ridge on which you stand is cut into lofty 
cliffs lining the gorge of the Wye, and in its extension 
southwards towards Chepstow, produces those remark- 
ably terraced clifls which render the scenery of tiiat port i 
of the river as beautiful as it is peculiar. 

The area of the coal-field is about 34 square miles. 
It contains 31 seams of coal, of which only 8 are of a 
thickness of 2 feet and upwards ; and tlie total series, as 
stated by Sir H. De la Beche, is as follows :* — 



i 



Cratl-it 

MilUtone Grit .. 
It. OarboiiifcrouH Limizstotiu 
Lower LimealoDO Slialu 
Old Bed Saadaloue 



8.000 . 



1 the Carboniferous group there is a decrease by two- 
thirds in the thickness of the strata as compared with 
the Bristol district. Over the centre of the basin the 
etrata lie nearly horizontally. On approaching the 
eastern borders they rise very rapidly, but along the 
opposite, or western edge, the lower beds spread out 
eoi^derably, and iu consequence have a much larger 
horizontal range than those higher up in the series. 
The coals are being gradually worked from the margin 
of the basin where they crop out, towards the centre 
where they are deep ; on which account it is probable 
that progressive mining operations will be much hindered 
hy the accumulation of water in the old workings. 
Mem. Oeol. Snrvej, vol. i. p. 203. 



THE COAL-FIELDS OF GItEAT BRITAIN. 

The Forest of Defta in ISSScoutained lOironfumaceB, 
of which -1 were in bliist, producing upwards of 23,000 
touB of pig-iroD, • The ore used is derived from the clay- 
ironstone of the Ckial-measures, from hjematite extracted 
from the Carboniferous Limestone, and iiom other ex- 
traneous sources. 

The Horse. — In one of the cod-seams, called " Cole- 
ford High Dolf," there occurs one of those interruptioiis 
in the regular couree of the strata, which tend to throw 
much light on the original conditions under which coal 
was formed, hut are an occasion of serious loss and dis- 
appointment to the proprietor. River channels filled 
with sand or clay, traversing coal-seams, occnr in almost 
every coal-iield, and are known as " rock-faults," and 
"horse-backs ;" but the case to which I have alluded is 
so remarkable, and has been so fully investigated, that 
it will serve as a general illustration of these phenoi 
in other districts,* The description is by Sir H. De la 
Beche.t who says — The horse with its branches resembles 
a channel cut amongst a mass of vegetable matters in a 
soft condition. It ranges 8. 31° E. for a length of two 
miles, and a breadth of 170 to 340 yards. A number 
of minor channels communicating with each other and 
the main channel are named "Lows." Mr. Buddie 
compares tlie horse to the bed of a river, and the lowt to 
smaller streams cutting only a lesser depth. The 

* Mr, jHkeH haa very fully deacribed these liomes or T«A-/ail8l h 
tliH '■ Thick Coal" near Dudley, in his " Memoir on the South Staffiiri- 
ahire Coal-field," p. 45. 

t Mem. Oeol. SurToy, toL i, p. 156. 
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channels are filled principally with sandstone, mliich I 
extends over the coal-seam and forms its roof. 

Resources, 

1. Area of coftl-fleld .. .. .. .. 34 arjimre milea. 

2. Greatest tbicknpffl or Coal-tneaaurciH .. 2,700 ftet. 

3. Noniber of coal-soama from 2 foet aud up-t g^ 

TtudB S, giving a total thiokcess of . . ' 

i. Total original quimtitj of coal (corrected for I 
denndatioa) . . 

5. Deduct fur loss and quantity worked oi 

thiid, leaving fur future use . . 

6. This, at the preeont rate uf production of 500,000 toaa,* would last 

for 1120yeara. 
This result shows, that like the two previously de- 
scribed coal-fields, that of the Forest of Dean is capable i 
of yielding a very much larger supply than is the case I 
at presentt 



• 842 millionaof to 



. 561 milUon 



^TOA 



CHAPTER IV. 

lAL-riELD OP THE FOREST OF WYKE, WORCESTERSHIRE. 

A COAL-FIELD of about as lai^e a superficial extent b 
that of the Forest of Dean stretclies from the northern i 
end of the Abberley Hills, and spreading out under the I 
Forest of Wyre, ultimately becomes contracted north- 
wards to a narrow baud lining the banks of the Severn j 
south of Bridgenorth. 

* With this estimate I have been furnished bj Mr, L. Brough, H. M. 
Inspector of Miiiea. 

!■ My colleague, Mr. Bristow of tlie Geological finrvey, estimates 
the reaonrces of tliia coal-field somewlmt liighcr, as Le informs 
sevtral cods uudur two feet in thickuesa cau thero he worked at 



that 
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The Coal-measurea repose on a bed of Old Ked Sand- 
stone, eoDBisting of red marls, sandstones, and cerastones 
(concretionary earthy limestones), and are overlaid bv 
a thick mass of Lower Permian strata, composed of red 
sandstones and marls with calcareons conglomerates, and 
marly breccia,* very fully developed, at Enville. This 
Permian breccia has excited much interest regarding 
its origin ; for Professor Earasay has shown that it bears 
a strong resemblance to accumulations originating 
glaciers, and spread over the sea-bottom by floating i 
such as that of the Boulder clay of the Glacial epoch. 
If this theory be correct, a vast change must Lave come 
over the climate of these countries between the coal- 
period and that which immediately succeeds it. 

Thia coal-field has not been fully explored ; but as &r 
as is known, the coal-seams which it contains are bott 
thin and of inferior quality. The following series ocean 
near the western mai^in, as exhibited in Mr. Aveline'e 
section draivn across this district, f 

Section of Coal Strata, Forest cf Wyre. 

Feet Inches. 

1. SindstouB and ahalo ,. .. 7)j 

2. Cottl 1 10 

3. SandstODe and ah^la . . . . 24 I) 

4. Coal .. ..2 

5. Sandstone and sIidIq .. .. 39 

6. Coal .. .. ■• ..4 
T. SoodetoDe, ebale, &c. 

• "BtccoiB" is B, word used to deaigiiate atrBtn formed uf augnhr 
pebbles, "eoDglamerate" being confined to strata where the pebUea 
are rounded or wftterworn, 

t BectionB of the GeoL Suryey, sheet 50 ; also Qeol. Map, 5S, HJ. 
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It is probable that these seams extend iiDder the 
greater part of the Coal-measure tract, and tlieir outcrops 
have been traced for several miles from noi-tli to south. 

H^ The Coal-Jklds of tlie Clee Sills, Salop. 
■ Two small outlying coal-tracts, remnants of a forma- 
tion which once spread continuously from South Wales 
and Gloucestershire, are perched on the simimits of the 
Titterstone and Brown Clee Hills iu Shropshire, at a 
height in the latter case of 1780 feet above the sea, and 
if lighted up with the combustible materials with which 
they are stored, would serve as beacon-fires for many a 
mile around. 

These coal-fields are rather more than a mile each in 
diameter, and are capped by a bed of hard basalt, to 
which, owing to its power of resistance to marine denu- 
dation, the hills probably owe their preservation. On 
these flat-topped hUls are planted several small collieries, 
whose shafts pierce the basalt before entering the coal. 
The vent from which this igneous rock has been erupted 
is situated in the Titterstone Clee Hill ; and from this 
orifice the basalt has apparently been poured forth in the 
form of liquid submarine lava, at some period after the 
Coal-measures were formed.* The thickness of the coal 
fonuation is but small containing only two or three 
thin coal-eeams, and the strata rest generally directly 
on Old Ked Sandstone ; but representatives both of the 
Carboniferous Limestoije and Millstone Grit are inter- 
posed at the eastern side of the Titterstone Hill. 

* Sec hoiixoutd section of the Ueological Survey, sheet 36. 



i'2 THE COAL-FIELDS OF GREAT BHITAIN. 

\ have referred to these districts more on account of 
thoir goologicftl interest, than for any economical yalne 
they may be supposed to possess. 



CHAPTER V. 



SHREWSBDRY COAL-FIELD. 



Tut.s coal-field forms a narrowband extending from the^ 
base of Haughmood Hill, east of Shrewsbury, to the banks 
of the Severn near Alberbury, a distance of about 18- 
miles. ■ Like the coal-field of the Forest of Wyre, 
coal-strata repose on the older rocks without the inter- 
vention of the Millstone Grit and Carboniferous Lime- 
stone ; but in this instance the fundamental rocks belong 
to the Cambrian and Lower Silurian periods. Notwith- 
standing its length it is seldom more than a mile in 
breadth ; and in its lower part contains two or thrw 
coal-seams which have been worked to a small extent, but 
are not of sufficient value to induce mining operations 
far from the outerop.* 

The Coal-measureB are overlaid by Lower Permian 
strata, consisting of red and purple marls and nand- 
stones, surmounted at Alberbury and Cardeston by » 
remarkable stratified breccia, composed of angular frag- 
ments of white quartz, and Carboniferous Limestonft;, 
cemented by caicareo-fermginous paste. The " Alber- 
bury breccia" may be regarded as the remnant of as 
* Sir B. L MurohiaoD, " Silurian Sjatem." p. 63. 
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old shingle-beacL formed round a coast-lino, composed of 
Carboniferous and Silurian rocks. 

lu the upper part of this coal-fieid a band of lime- 
etone* occurs witli estuariue aud marine organisms, some 
of which were at first supposed to be of fresh-wator origin. 
It contains a small crustacean Cythere, a bivalve shell, 
Antkracosia, and an annelide, Spirorhis carbonarius. Now 
it is a remarkable instance of the persistency of some 
calcareous strata over large areas, that this band cS 
limestone, seldom more than a foot in thickness, can be 
traced in the Coal-measures of Conlbrook Dale and the 
Forest of WjTe southward, of Lancashire northward, 
and of Warwickshire eastward, representing an area of 
about ten thousand square miles ; and throughout this 
expanse it is always found associated with those upper- 
most coal-strata, which preceded the introduction of the 
Permian rocks. 

The coal-fields of the Forest of Wyre, the Clee HiUa, 
and Shrewsbury, together with a fourth district extend- 
ing from the base of Caer Caradoc to within a few miles 
south of Shrewsbury, are of so valueless a nature in regard 
to their coal deposits, that I do not consider it necessary 
to produce an estimate of their resources. They have 
all been formed in the vicinity of old land-surfaces, and 
around lines of coast composed of more ancient rocks. 
The strata themselves belong generally to the higher 
part of the coal-series, which throughout England is but 
sparsely enriched with beds of coal. 

■ Tliia limuatono u described by Sit E. I. MnrehiflQn (' 
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COAL-FIELD OF COALBEOOK DALE, SHUOPSniBE, 
This coal-field has a triaagular form, \vitli its base in 
the valley of the Severn, near Coalbrook Dale,' and its 
northern apex at Newport. Along its western side it is 
bounded partly by a great fanlt, which brings in the New 
Red Sandstone, and partly by the Silurian rocks of tlie 
Wrekin, which rises with its smooth and arched back iai 
height of 1320 feet above the sea, and half that amount 
above the general level of the country around. Alongits 
eastern side the coal-field is bounded by Permian strata,. 
under which the Carboniferous beds appear to pass, but 
diminished both in thickness and in productiveneaa of 
coal. 

The general dip of the strata is eastward ; and 
making a traverse to the foot of the Wrekin, we ciwb 
in succession the base of the Coal-measures, the Mill- 
atone Grit, Carboniferous Limestone, abed of basalt, and 
at length reach the Silurian rocks which form the 
general foundation to the Carboniferous formations ii 
this district. TJjis succession of strata is illustrated by 
the section. {Fig. 8.) 

This coal-field has been mapped and described bytho 
Geological Surveyors,* and is the subject of an elaborate 
memoir by Jili. Prestwich, published in the Geolt^cal 

* Geologicul Maps, 61 N.E., and BectiooB Sheet 54, 58. 




COAL-FIELD OP COAIBKOOK DALE. 

^ions,* the strata are y 
kable for the variations tbey " 
go within narrow limite — 
,1oeds rapidly disappearing, 
flanging their characters. 

tthe eastern borders the 
strata consist of calcareous 
i and gravels, resembling S 
oc ashes, mixed with reddish ^ 
H clays. The coal-seams B 
BO more than naually subject ^ 
lange ; and towards the ^ 
|t border, where they pass c s 
[the Peimian strata, several | ^ 
b upper coal-beds die out ^ | 
La gently sloping plane; ^ | 
pre even entertained that P | 
Bie catastrophe will be found g 
blve the whole of the coals, ^ 
[followed under the newer 2 
tion. It is satisfactory how- s 
b learn, that in the new col- i 
pelonging to Lord Gran- e 
irhich passes through about 
ids of Permian strata, the . 
iBmB have been found at 

roper depth and thickness, 

8 the sinking has yet been 
316 yards. If tlie coals % 



iill 
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should be found persistent under tlie Pennian rocks, 
there is a largo area beyond the borders of the coal- 
fleld itself, where they may be reached at depths under 
2000 feet. 

The strata of this coal-field are much broken by 
faults. The largest of these ia the western boundary 
lault ; another, the Lightmo&r fatdt, traversing the centre 
of the coal-field from north to south, has a "throw" d 
about 100 yards : west of this fault the coaJ-bede are 
almost exhausted. There are also many transverse ftao- 
tures. 

Organic Remains. — These are extremely varied, and 
have been enumerated iu detail by Mr. Prestwich. They 
occur principally iu the ironstones, of which the prim 
depositories are the Penneystone and Crowshaw banda 
Fish : Uyhodus, O-yracanthvs Jormosus, Ooeldiodus, Mego 
lichthy8 Hibherti, noloptyc}dug,Pleuraeanthu». Crustacea: 
lAmulus, a genus allied to the king-crab ; Glyphea, Cy- 
priainfiata. Mollusca: Nautilus, Orthoceras, Sellerophon, 
Conularia, Spirifer bUulcatue, Leptctna scahrieula, JPecto, 
Anthracoda (Unio), Nucula, Lingula, Terebratula. In- 
sects : one or more species of scorpion ; two beetles of 
the family Curculimidce, and a neuropterous insect, 
resembling tlie genus CorydalU, and another related to 
the Pha»midce.* 

There are several courses of ironstone measures, ■? 
in 1857 yielded 109,722 tons of pig-iron, from 27 blasts 
furnaces ;t the Coalbrook Dale and LUleshall compardes 
being the largest producers. 

• Lyell, " Elem. GeoL," p. 388, t " Mineral Statiatica," 1 
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The coal over a very large portion of this 'field h 
Ijeen nearly exliausted, as will be apparent to any one 
who crosses it by the Wolverhampton and Slirewsbury 
railway, where, over a large area, nothing but dismantled 
engine-hoiises and enormona piles of refuse from aban- 
doned coal and iron mines meet the eye. The collieries 
have gradually migrated irom the western outcrop to- 
wards the east. Under these circnmstancesj it is pro- 
bably witliin the mark to deduct from tlie original 
mass of coal two-thirds for the quantity already worked 
out. Nearly 20 ye-ara back, when Mr. Prestwich was 
I engaged in hia survey, the district west of the Light- 
tooor fault was almost destitute of coal. 



1,200 feet 

27 feet of coal. 
3 millianB uf tona- 



Mesourees. 

1. AtcB of the coal-fidd 

2. GrcatL'st tliicknesB of Coal-mcasutes 

3. Number of ooal-Beams of apwurds of 2 foot, 

in thichneBa, 6, giving a total thiclmcsa of 

4. Originftl qumtity of coal (corrueted fori 

denudation.) .. .. .. ../ 

5. Total quantitj worked t d 1 t b tl .p. 

28 millioQfl, leaving fo f to J •• <• 

Wliioh at the preBent rate f nmpti w Id bo oshauated in abont 

20 yeara, 
Kote^ — Thifl esUmate nly ppl Ui the actual coal-Bold. Aa 
already stated, the Coal-m Beat d p imd Ftrmian and New Rod 
Sandstone along tlio easte □ m rgin, nd Ireody have theae tooks 
been invaded by at leaat one caal-ahaft, which nil! speedily be followed 
by others, ahould the coal-bids prove contiauona — but of tliia there 
are at preacnt Bomo doubts. 



I 



THE COAL-FIELDS OF GREAT BRITAIS. 



CHAPTER VII. 

THE COAL-FIELDFj OF NORTH WALES. 

General Structure. 

An interrupted tract of Coal-meaaurea extends from the 
nortliom slopes of the valley of the Severn, south 
Oswestry, to the mouth of the estuary of the river Dee, 
in Flintshire, crossing the river at the entrance to the 
Vale of Llangollen, The Coal-measures are overlaid 
Permian strata on the south, and New Red Sandstone 
on tlie north, and repose on beds of Millstone Grit aoii 
Carboniferous Limestone, each about 1000 feet in thick- 
ness. These form a range of lofty hills with terraeed 
escarpments looking westward, and exhibit a very noble 
and striiiing feature when viewed from behind Llan- 
gollen, where they assume the form of a long line of 
ramparts, the strata being piled like lines of masonry, 
tier above tier. This rampart forms tlie physical line 
of demarcation between Wales and England, thou^ 
the conventional boundary extends into the plain alraig 
the eastern 

I calcareous hills are frequently traversed 'by 
fanlfa, and are full of lodes rich in argentiferous galena ; 
the most remarkable of which ia the *' Great Mineral 
vein," coinciding with a line of fault traversing He 
Denbighshire coal-field from south-east to north-ws4 
and whic^ in 1857 yielded 2-i3(i tons of 





THE COAL-FIELDS OF NOETR WALES. 



The coal-fields here described 
form part of the counties of Denbigh 
and Fliut : and north of the valley 
of the Alyn become separated into 
two portions, by the upheaval along 
the line of a great fault of the lower 
Carboniferous rocks.* The tract 
south of this fault is called the Den- 
bighsliire coal-field ; that to the „ 
north, the Flintshire coal-field— each - 
of which will now be described sepa- ; 
rately. ; 

DENBIQHSHIEE COAL-FIELD. ^ 

This coal-fiold eommenees about a I 

g B 

tliree miles south of Oswestry, where c * 
the New Red Sandstone begins to ^ ^ 
rest directly on the Millstone Grit, S f 
and extends northward by Oswestry, | 
iluabon, and AVrexham, to the J 
north of tho valley of the Alyn, j 
which winds through a deep defile, 
and exposes in its banks an almost g 
complete section of the coal forma- 
tion, 'The length of the coal-field 
is about eighteen miles; and it is 

• This is one of tlio largest faults id Eng- 
lajid, and liua been traced from the Btu, on the 
coaat of Slcrionethahire, througli Bala Lake 
into Cbealiire. See mapa of Geulogieal 
Surrey, alicet 74, NJI. and S.W. 
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so TUE COAL-PIELCS OF GREAT BRITAIN. 

about four miles ia breadth at Wrexham," where crossed 
by the section. {Fig. 9). 

The general succession of the strata ia aa follows ;- 
Thinknfsi 
. 1,000 to 2.0000. 



1. Trios, or New Red BnDilaliine. 

2. Lower Permian roeka 

II . Upper Beries, 
2. Middle (with c 
3. Lower ( Hi in ( 

4. MtllatoDB Grit 

5. CiubaDiferiiiia Limealoue 



1 ,000 feet 
als) 800 
iuls) 1,000 



'2,800 to 3,000 „ 



1.00Q t. 



1,500, 



I 



Tho lower Permian strata consist of red and purpk 
marls and sandstones, and may be seen along the baais 
of the Dee west of Overton, and in the brook which 
flows eastward of Wrexham, 

The Coal-measures may be classed under three divi- 
sions. Tlie upper consists of red and gi'ey sandstones 
and reddish clays, and contains only a few very thin 
and worthless coals : of these beds there are good eeo- 
tions along the banks of the Alyn, west of Gresfori 
Thti middle series constitutes the coal-bearing strata, 
and contains the following coal-seams of good quality, 
besides several others not worth mentioning : tliia series 
corresponds, with slight variation, to that in Flintshire. 

Succesaivn of Coal-Seams, Denbighshire Coal-Fieid, 



Upper ami Lower sulpliureoos coals — not worked. 

1. Smith Coal . . . . . . 2 fi. 2!n. 

2. DrowBitll Coal (good quality) . . 3 

3. Powell Goal 



\tt. i 



6. Braaay Coal (Black-bond irotiatoriti' 

occurs here) 

7. Main Cool 

Total tbickaoBS of coal . 



)! 



DENBIGHSHIRE COAL-FIELD. 

The lower measures contain several coal-Beama, vary- 
ing from 2 to 3 feet, which have been bnt little Bought 
after in the presence of the thick seams irom the middle 



There are several valuable beds of ironstone, the prin- 
cipal being "the brassy" and "black-band," from which 
in one year 12,560 tous wpre raised for the Brymbo 
furnaces. 

The remains of iish are abundant in this coal-field, 
aad have been classed by Sir P. Egerton under the fol- 
lowing genera : Rhizodug, Ccelacanthus, Platysomus, and 
PalcEoniscus. The black-band ironstone is very full of 
fiflh-scales, teeth, &c., and also contains a bivalve abeU of 
the genus Antkraeogia. In the lower Coal-measures the 
block slmies contain Ooniatitea and Aviculo-pecten, as is 
the ease in Lancashire and Yorkshire.* 

Though containing coal-seams of good quality, and 
reaching tliicknesses of 7 feet, there is a large tract lying 
between Brymbo and lluabon over which the coal lies 
perfectly undistnrbed; nor have the coals been followed 
to any great depth, one of the deepest collieries being 
only 173 yards-t I tb'nk, therefore, I am justiSed in 
placing the quantity already worked out at only 1-lOth 
of the whole.! 



« 



* For this mfonnation I am indebted to Mr. E. Binne;. 
t WeBtraioster Colliery. 

I I am ooufirmtd in this estimate by Mr. Becketl, of WoWerhamp- 
loii, -who is well acq^uainled with this and tha adjaiuing coal-fields. 
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47 Bqnue miles. 
3,000 feet. 
} 30 „ of coal, 



Resources, 

1. Aieaof the cool-Seld .. 

2. Qroftteat thickneea of Coitl- 

3. Numbei of coal-BeomB abovi 

giTing a tMcknesa of . . 
(. Origioal quantity (cotrected foi demniatioii) 727 DuUions of loni 

5. Deduct for quantity worked out 1-IOfh, and 1 ,an 

for loaa 1-ltli, leaving for futnre use I 

6. Which at the present rate of prodaction (327,000 tons) wonld 

lost for 930 years. 

Thia result shows what is the fact, that the quantity 
of coal raised in this coal-field is far below that which it 
is capable of producing. Collieries are, however, now 
being erected along the Chester railway, and in a few 
years the production will probably be doubled. The 
great depth of the " Drift " accumulations (sand, gravel, 
and clays) has operated to keep this coal-field partially 
concealed. 

The quantity above estimated is included within a 
masimuni depth of 2000 feet ; a depth of 4000 feet 
would embrace a band of country containing above 
one-half more. 
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FLINTSHIRE COAL-FIELD. 



This coal-field is disconnected with that of Denbighshire 
by the upthrow of Carboniferous Limestone and M21- 
stone Grit over a small tract between Gresford and Hope- 
From this it extends along the western side of the eff 
of the Dee to Point of Air, a distance of 15 miles 



PLINTSHIBE COAL-FIELD. 

poughout a considerable part of its range the pro- 
ductive portion is very naiTow, and greatly broken by 
faults. 

The general dip of the beds is towards tiie north-east, 
and there is no doubt but that they underlie the New 
Red Sandstone of the Chesliire plain; for they actually 
reappear on the Cheslure coast at Parkgate, where they 
are upheaved along a line of fault,* 

L The following is the general section of this coal-field : 
I. "Four-foot Coal 



i Coft! ) 
I Oaraiel / 

Strata 

. "Bind" Coal 

Strata with ironetono . . 
, ( BoUin Coal (in tiree bods) . . 
I Cannel 

Strata with iroDHlone . . 
. Braifu Ooai 



I 



5. Xam Coal 7 

Btiaia •■ • • .. 180 U 

& Lower Foar-foot Coal (supposed) 4 

lit will be observed that the Main and Braaay coals 

T Flintshire and Denbighshire correspond ; that the 

[ollin " coal of the former is the " Two-yard " coal of 

I latter, while the "Powell" coal represents the 

"coal. The intermediate ironstone-measures also 

spond. ■ The " Lower four-foot " coal in the Flint- 

e section cannot yet be said to have been satisfactorily 

mined. The general quaUty of the coal is excellent. 

• Map of Iho Ot&A. Sonrey, 79, N.E. Also SeoHon Sheet 43, with 
For mQoh informatlDD regunling this coal-field I un 
A to Mr. Beckett, of Wolverliamplon. 
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In the Lower Coal-measures, below aU the strata above 
named, Mr. Binney informs me that there are several 
thin seams with roofs of black shale, containing Goniatiteg 
and Aviculo-pecten, corresponding to the Gannister coals 
of Lancashire and Yorkshire. These coala are yisible 
in a brook section south of Hope, which in another part 
displays very beautifully the unconformable superpoai- 
tion of the New Ked Sandstone on the lower Coal-mea- 
sures. 

The strata of the Flintshire coal-field rarely attain a 
great deptb. If we cross the centre of the district from 
west to east, we find the beds repeatedly upheaved 
along dislocations ranging north and south. The result 
is, that the greater portion of the coal being placed bo 
near the surface has abeady been exhausted, and pro 
bably not more than one-half remaina for future use. 
The valley of the Dee seems to offer favourable posi- 
tions for deep shafts ; and already the coal is being won 
under high-water mark on Mostyn Bank. 

There can scarcely remain a reasonable doubt of the 
contintiation of the coal-formation from Flintshire to 
Lancashire under the intervening tract of New Bed 
Sandstone. 

Hesources. 



of 



25 feet of coal. 



3. Original quantity (corrected for deuadatioii) ■ ■ 51 miUioni of toni. 
t. Qmuititf raised, one-half ; ditte Epoilcd, ) „. 

and lost 1-lOth ; leaving for fatntB USB f n ■■ 

5, At tbe present taia of production of fiI5,000 tans, tba ooal-S«ld 

would be exbanated in abaat 10 or SO years. 



ANGLESCA C0AJ>PIEU). 



CHAPTEB IX. 

ASQLESEA COAL-FIEUX 
CROSaisa a mountaioous region of 
45 miles in breadth from the Flint- 
shire coal-Seld to the centre of 
Anglesea, we fiud a series of Carbon- ■ 
ifeions strata on the whole similar i 
to those just described. ; 

The Anglesea coal-field forms a 
band of coantry stretching from ! 
Hirdre-faig to Malldraetli Bay, a : 
tiiiliince of nine miles. Its breadth ; 
li 3Ialldraeth Marsh is a mile and ! 
II halt The Coal-measures are OTer- | 
laid unconformably by red sand- '. 
JliOne, conglomerate, and marl, of E 
Permian age, and from beneath the ^ 
Coal-strata the Millstone Grit and '- 
Carboniferous Limestone rise in sue- s 
oession, their base resting on highly- 
eantorted and mctamorphic schists 
rf Cambrian or Lower Silnrian age. 
The existence of this coal-tract is 
entirely due to an enormous fault, 
having at one point a down-tlirow on 
the north-west of 2300 feet. Through 
ita agency the Carboniferoas strata 
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have been dropped down, and' are protected on allj 
sides by the ancient SUnrian rocks. (See Section 1ft 
page 85.) 

The following is the general succesaion of the strata 
as determined by Professor Kamsay * 



of Strata, Anglesea Goal-Fkld. 



Permiaii KoGks — Eeci Baadstone, marl end 1 

Ooal-meaBurefl — Coal [" Glopus") Ijinginlumpa 
1309 feet. Bhale 
Coal 
ehale 
Coal 
Strata 

Coal (irregular) 
Strata 
Coal 
Strata 

Coal (with cunnel roof) 
Strata (aboat) 
Coal (supposed Barw Ucliaf ) 7 r 

cool, in 3 beds with partiugs) J 
Strata .. .. .. G50 

Coal (perhaps in Millstone Grit) 2 to 3 
Slillstone Gril— Yellow Bandatone aud con- 1 „|,|, „ 
glomerate . . J 

I Gray and black UmcgtoDe, | 

and BacdBtona, nitb Fro-) 450 I 

' 'n, Sptn/er, Corals, &c. ) J 

Some of these coal-seams crop up against the b&se m 
the Permian strata, proving the great discordance Be-' 
tween the formations. A greenstone dyke rises in 8, 
line of fault near Berw colliery, but appears not to entetj 
the Permian strata. I 

• See deseriptioQ of Horizontal Section of the Geological SbttuJi ' 
sheet 10 ; alao OeoL Map, sheet 78. 




Another small coal-traet lineB the banks of the Menai ' 
Straits near Camarvou, 

The Anglesea coal-field contained (1857) five col- 
lieries, producing about 4500 tons of coal. 
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SODTH 8TAFPORDSHIHB COAL-FIELD. 

This coal-field extends from the Clent HiUs on the 
south to Brereton, near Eugeley, on the north, a distance 
of 21 milea, and is of an average breadth of seven miles. 
It appears to have been upheaved bodily along two 
great lines of fracture, which range in approximately 
parallel directions from north to south. Beyond these 
lines, Permian and Triaseic rocks set in. 

Aspect of t/ie Coal-field. — This district ia one of ex- 
treme productiveness in coal and iron ; and its proximity 
to the towns of Wolverhampton, Dudley, and Birming- 
ham, has imparted an extraordinary impetus to these 
foci of industry. But indeed it may be said, that the 
whole line of country connecting these towns, a distance 
of 12 miles, forms one great workshop : and on a fine 
night, the spectacle from the walls of Dudley Castle, 
which rises from the centre of the coal-field, is one which 
has scarcely a parallel. The whole country within a 
radius of five or six miles is overqiread by collieries, 
iron-foundries, blast-furnaces, and the dwellings of a 
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dense population ; and from amidst 
|, !^ the thick smoky atmosphere, the 
tonguos of fire from the furnaces 

I shoot up an intermittent light which 

' illumiuatea the whole heavens. Bnt 
the spectacle before onr eyes does 
not represent the whole sum ol' 
human labour ; for whilst ten thou- 

I sand hands are at work above ground, 
one-half as many perhaps are be- 
neath the surface, hewing out th< 

! coal which is to be the prime-mOTer 

I of the whole machinery. 

I Physical Oeology. — It h; 

i shown by Mr, Jnkes,* that while the 

; Lower Carboniferous rocka 
being deposited over other parts of 

. England, a band of country stretching 
from Shropshire across South Staf- 
fordshire and Warwickshire was dry 
land ; consequently there is no Ca> 
boniferous Limestone or . Millstone 
Grit, and the Coal-measures repose 
directly on an eroded surface of upper 
Silurian rocks, which at 



Note. — The Secljaa at the side of the pa^ 
ie reduced troia one \>y Mr. Jukes. 

iy • "South Staffordshire Oool-fi eld," 

Sv Gcol. Surrey, 2nd edition, (Preface.) 

^ Geol. Maps, 62 S.W., 62 N.W„ and correqwnd- 



SOUTH STAFFORDSHIRE COAL-FIELD. o9 

Dudley, and Walsall, rise from beneath the Coal-fotma- 
tion. (See Section, Fig, 11). 

The general succession of the strata, as given by Mr. 
Jukes, is as follows : — 



Triaa — Bunter 



1. Upper mottled sandetono .. 500 

2. Conglomerate be'l3 .. oOO 
, a. Lower mottled aauddlono ■ . 200 



!1. Breccia of felstone, por-j 
phjTj, & Siliirian rocks [ 



Coal-measures — Southern district. 

Dpper Oonl-Maaanrea — Red ami mottled elaya, red and grej) 
I,3O0 sandatone and graveL beds J 

SliddJe Ccal-Meiu) 1. Broudt Goal 

euros — 510 ..) Strata, with iroMtone 

2. Thick Coal 
Stiatawith "Gubbinir 

3. BeaihenCocd 
Strata with it 

4. NeiB Mine Coal . 
Strata with ir 

5. Fire-Olay Coal . 
Strata .. 

6. Sottovi Coal 
Strata wiUi eevelal conraes of ironslono 140 



tJppor Silurian Rocka— I. Ladlow rocks, with Aymuatry ti 

2. Woulock and Ihidley Limestone and SLalea. J 

3. WooUiope Ijicieatone (?) 
i, Llandovery Saadstoue. 

Coal-seams. — From the above list it ivill be seen, that 
in the Dudley district there are six workable seams 
of cod, giving a total thickness of 65 feet The moat 
remarkable of these is the " Ten-yard," or " Thick coal," 
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of a general thickness of 30 feet — a source of enormooB 
wealth to the district It underlies a large area, at 
a moderate depth ; and has either been worked out, 
drowned, or destroyed to such an extent, that probably 
little more than one-tenth remains to be won. It is rather 
subject to " rock-faulta," or " horse-backa," instances of 
which are given by Mr. Jukes ;• and the author has 
seen an instance at Baremoor colliery, where the whole 
mass of coal has. been replaced by sandstone — thejunc- 
tion being formed of a series of interlacings. 

Thinning of tJie Strata southwards. — In the northeiu 
part of the coal-field, at Essington and Pelsall, this maa- 
eive bed becomes split up into nine distinct seams, 
with a combmed thickuess of exactly 30 feet of coal; 
but separated by 420 feet of sandstones and shales, all 
of which are absent to the south of the " Great Bentley 
fault" This remarkable thinning out of the strata takes 
place in a distance of five miles from north to south, and 
is an additional instance of the vastly higher amoimt 
of persistency in the coal-seams than in the sedimentary 
strata with which they are associated. 

Dip of the Beds, — North of the Great Bentley fault, 
the general dip is from east to west ; and there is an ex- 
tensive tract of about ten miles in length extending to 
Beaudesert, and three in breadth, over which the lower 
s lie undisturbed, as thc«e which are worked at 
Essington and WjTley occupy a higher position. At 
Bteteton there are several shafts sunk through Con- 
glomerate beds of the New Eed Sandstone, under which 
formation tlie coal is extensively worked. 

• "Soutli SlaffordsMre Coal-field," Sec, p. 45 et aeq. 
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TRAP ROCKS. 



Basalt. — III several localities over the soutlieni portion 
of the coal-field, several varieties of igneous rocks are 
found, frequently burrowing through and altering the 
Coal-measures, and sometimes resting upon them. The 
finest exhibition is the basaltic mass of Kowley Kegia, or 
" Bowley rag," forming a hill about two miles in length, 
and 820 feet in height. This basalt assumes the eo- 
liunnar structure, affording examples of prisms as perfect 
as those from the Giant's Causeway in Ireland. Mr. 
Jukes considers that this rock has been poured out, in 
the form of a lava-ilow, during the coal-period ; for the 
beds of coal dip under the basalt, and have been fol- 
lowed tin found "blackened," or chan-ed, and utterly 
worthless.* 

At Pouk HiU, near Walsall, is another mass of co- 
lumnar basalt, in which there are vertical, horizontal, 
bent, aud radiating columns. 

Qreettitone. — In the Lower Coal-measures, a sheet of 
greenstone spreads almost without interruption from the 
base of Rowley Regis, through tlie centre of the district, 
to Wolverhampton, Bilston, and Bentley. This would 
appear to have been a lava-flow of earlier date than the 
basalt, but ejected from the same vent, which we may 
suppose to be situated near the centre of the hill. There 
are also beds of volcanic ashes and gravel associated 
with the Upper Coal-measures at Hales Owen, probably 



" Bouth Btofibiduliire Ood-field," 
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nearly contemporary iu tlieir formation witb the Eowley 
basalt. 

Ironstones, — The ironfitoiiea occur in beds, associated 
with shale, and are the principal repositoriee of the 
fosaila. The principal bands are : — 

1. The Fins and Pennyeactli ironBlone-meaaureB. 

I lu^ St? ^"''"'"' Ib^o" the TMok OoaL 

3. The Gubbin ironatone) 

4. The Now Mine ironstoan. 

5. Tha Pennystane do., with mArine foseilB, Pradueta, iviMla- 

pecfen, Lingula, &c., an Echimu. aad flgh'teeth and boTUW. 
S. Poor Eobin, and While irooslone— only looaJ. 
7. Oabbin and Bulls iranBtane. 
S. Blue Flats, Silver TbreadB, and Diamond iranatone. 

Fossils. — Fish : Gt/raeanthus formosus (icbthiodora- 
lites), Moloptychius, Megaliohthy^ Sibberti, Cochtiod/us, 
Pcedlodus. Molluscs: Producta, Ccmularia, Lingvia, 
Mt/alimt, Anthraoosia hipennk (in coal), Avicvh-peden 
scalaris ; Annelidee ; and the usual Coal-measure plants." 

Resources. 
In order to arrive at an estimate of the resources of 
this coal-field, it is necessary to consider the northeni 
and southern halves separately ; as the former contains 
about three-fourths of the original quantity of coal, tba 
latter only one-tenth. 



1. Area of coftl-fleH 



i3 sqoara mUen 



'^\ 16 yards. 
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3. Total origiiml qnantity of coai {oorreoWdlgj™ —iiii.j^ ^r j^-. 
foe denudation) .. .. ../ ' 

1. Of tUis, the Northern part contained .. l,02t 
Deduct Mth, leuving (at future nso .. 763 „ 

5. The Southern part (aonth of tUe Bentlejlq^ug 

fault) coutnined .. ..J " " 

Deduct 9-lOthB, leaving about .. .. 205 » 

6. Talal qnantity remaining .. .. 973 

Whlc!! at tbo preatttt rate of consomption would be eiiiauBted 
in about 200 yeais. 

Tbere are, in the South StaEfordahire coal-field, 425 
collieries ; at which 4,9J)5,780 tons of coal, and 959,000 
tons of ironstone, were raised in 1858. The average 
production of iron from this ore being 33 per cent. 

The number of blast-furnaces in the district is 117 ; 
ia which 597,809 tons of pig-iron were smelted in 1858, 
and 777,171 tons in 1S56.' 



CHAPTER SI. 



NOHTH STAFFORDeHIBE COAL-FIELD. 



' Tttr North Staffordshire coal-field, thoagh-,of small( 
area than that of South Staffordshire, has vastly greater 
capabilities. The strata are about four times os thick, 
with twice the thickness of workable coal, and instead 
of being hounded on each side by enormous faults, 
which at one step places the coals at almost unap^ 
proachable depths, the Coal-measures of North Stafford- 
shire dip under the Permian and Triasaic rocks along a 
" Mineral Stati^tiiia," 1858. 
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line of many miles at the south- 
western border of the coal-field, and 
under these formations coal may be 
obtained at a future day. MoreoTer, 
there are none of those protrusiom 
of igneous rocliB which hare pro- 
I .^ dueed 80 much injury to the coal- 
L ^1 beds near Wolverhampton, Dudley, 
ll and Hales Owen. This coal-field 
"" liaa the shape of a triangle, with ita 

apes to the north at the base 
si Congleton Edge, the eastern side is 
If formed of Millstone Grit, and the 
^1 westerly of New Eed Sandstone or 
g| Permian strata. Along the sonth the 
33 Coal-measures are overlaid by Pe^ 
"■* mian marls and sandstones, and these 
strata run far up into the heart of 
I the coal-field by Newcastle, along the 
|,a line of a great fault, which ranges 
^(3 north-north-west towards Talk-en- 
«| the-HiU.» 

^^ On that division of the coaJ-field 
extending eastward of tliis tongue 
of Permian rocks are situated tiie 
Potteries, a group of populous towns, from which all 
parts of the world are suppHed with china-ware rival- 
ling that of Dresden, with vases and various kinds of 
vessels modelled after Etruscau patterns, but adorned 
• Qeotogical Satrey Map, 72, N,W. 
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witli paintings from natural models, exociited with a 
perfection of colouring and outline to wliich the Etrus- 
cans never attained ; here also are produced those tes- 
selated pavements which adorn so many of our churches 
Hid pnblic boildings. For the production of these works 
of art chalk-flints are hrought from the south of England, 
decomposing granite from Cornwall, gypsum from Chel- 
laston, siliceous chert from Derbyshire. The coarser 
iinds of earthenware and tiles are made in large quan- 
titifiB from the clays of the Upper Coal-measures, and the 
coal supplies the heat for the baking ovens. 

Saccession of Strata, Nffrtk Staffordshire Goal-field.' 



Fermian Jiocii— Bed and purple Bundstone. marl, 
and comatuDos (vitli plants), strntn 
slightly imconformable to the eoal- 



oanio aahes of 8. Staffonlshire) f 1,000 
with thick beds of red aud purple I 
mottled olays ; thin cooJe . . 

2. 3fi!Z(iifl— Sandrfoue, ahules, with) 

ironstone, and aboat 40 «oal-( *■""'' 

3. ZrfHMr— Black ihalea and flags, i 

with WuUey Moor thin coals. I 1.000 
{QoniaiUe*, feden.) . . . , j 
JfiJWone Grit — Coarse grits, shales, and flags 4,000 

Yoredxde Rocks, — Black bIiiIbs, fee, with marine foasila 2,300 

Carboni/eroua Limeeloite 4,000 to 5,000 

If we compare the above section with that of South 
• Bee Horizontal SectionB of the Geolf^cai Survey. Bheeta 42 and 
55, with esplanationa. This coal-field was aurveyod by Mr. W. W, 
Smyth, and tho author, in 185C-7. 
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Staffordshire we cannot but be struck with the Tart 


accession of sedimentary materials iu this Qortheriy 


direction. 


Successim of Coal-Seams. 


Ft. In. 


Ft In.. 


I. Peaeoch Coat 6 6 


12. Coal .. 3 0, 


StTftta .. 


. ao 


Strata .. .. 270 ' 


2. Speiurrofl . . 


3 9 


13. Birchet' Coal .. 4 6 


Strata .. 


. 121 


Strata .. .. 800 


3, Great Eoa 


. 8 


14. Ten-feet Coal .. BO 


. Strate .. 


71 


Strata .. -.102 


i. CajmdJloui 


5 


15. Bending Alley .. 4 fi 


Strata .. 


. 54 


Strata 81 


5. WoodMitie 


2 


16. EoUy Lam .. 5 10 


Strata 


29 


Strata .. . 84 


6. Deep Mine 


2 8 


17. Spanoie BiOU Coal i B 


Strata .. 


. 361 


Strata .. .. 2SS 


7. WiT^liayCocU 


4 6 


18, Flail 3 


Strata 


. 377 


Strata .. .. 108 


S. Aeh or Eowhwit 


8 


19. Frog'nEov: -.4 6 


■ Strata 


. 121 


Strata .. .. 30 8 




5 


20. Cockbead .. .. 4 6 


Strata .. 




Strata .. .. 420 


10. Golden Tima 


S 6 


21. Baaharet .. 4 


Strata .. 


. 486 


Strata .. .. 60 


U.MosiJUtd.. 


4 7 


22. Winpemy 3 


Strata .. 


30 




iMiier Coal-measureB, with two thin coak of Wetley 


Moor. Besides the above there are 15 other seamB of 


no value. 


Ironstone measures, — This coal-field contains seveial 


very valuable bands of ironstone, of which the following 


are the principal : I. Top red mine of Silverdale, 18 


inches thick ; 2. Guilin ironstone, which ia filled with 


the bivalve shell Anthraeosia ; 3. PennyBtme ; 4. Two- ^ 
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Fossil Remains. — Fish ; Messrs. Garner and Molyneux 
have been eoilecting with much success Etpecimena of 
the ichtliyolites, which occur in profusion in some of the 
ironstone bands and their associated shales, the " Basay 
mine " being the most prolific. ITiey occur principally 
in the higher strata of the coal-field, and the following 
genera are recorded :* Dipterus (?),f PalcBfmUeus oma- 
tissijmis, O-yrolepis, Ccelacantkm, Rhizodvs, Eolojityehiua, 
Ctenodus, Megaliehthys, Saurichthyg (?)t Ctenacanthus, 
SyboAw, Diplodm, CtenoptycMue, Petalodus, Helodvs. 
PUuracanthua, Onchus (?) Orthocantkus (ichthyodoru- 
lites, sometimes 12 inches in length), iSeptacanthus, Qy- 
racanthus. Of MoUusca, the only examples found in 
the middle and upper measures have been nine or -ten 
species of the genua Anthracosia, and in the lower mea- 
sures Aviculo-pecten and Spirorbis {Microconchus) ear- 
bimariua. Plants of most of the usual Carboniferous 
genera are abundant. 

Faults. — The faults of this coal-field are not nume- 
rous except in the neighbourhood of Talk-on-the-Hill. 
There are, however, several very large dislocations : one 
of which forms the boundary of the coal-field along its 
north-western edge. It runs along the western base of 
Congleton Edge and west of Talk, throwing down the 
New Red Marl of the Cheshire basin on the north-west 



• Trans, Brit. AsBociation, 1859, p. 103. These genera fl uudet- 
Btand) have been Terified by one of onr higbeBt onthoritioa. Sir Philip 
De M. Egerton. 

t I havo placed a (?) after Dipienu and Saaridiihyg, as the fonner 
uf these gi^nera is generally considered eiclnaiTely De?oQian, tbe 
latter TriaBsio. 



!)8 



THE GOAL-FIELDS OF GKEAT BRITAIN. 



i 



against the Carboniferous rocks on the south-east. Thi* 
dislocation is more than 500 yards, and its direction is 
nortli-north-eaat. Another fault, with a downthrow on 
the east of 350 yards, passes by Newcastle and east (A 
Hanchurch ; and at Hanford there is a third and paral- 
lel line, with a downthrow of 600 feet, on the same side. 
East of Longton the coal-field is botinded by a laigB 
fault, which was visible near the entrance to the railway 
tunnel when it was being made : it throws in the New 
Red Sandstone on the east side. 

Resourcei. 

T^iis coal-field has been worked only to a small ex- 
tent in comparison with its enormous resources. As 
the coal-bearing strata are upwards of 5000 feet in 
thickness, it is evident that in some parts of the district, 
towards the borders of the Permian rocks, the lower 
coals can never be reached, so that we must make lai^ 
deductions (about one-third) for the quantity which ia 
not available. 

1. Area of coftl-flcld 

2. Total thickness of measurea.. 

3. Numberofworkable co»!-sc»ma,22, with 

a ttiiclmeas of 
1. Total original quantity of coal 3.G00 milliona of tau 

5. From this deduct l-3r(l (aa aboTe) .. 2,100 „ „ 

6. Deduct for quantity worked out 1-lOth; 

and for waste I-4th. 

7. Leaving for future oae .. 1,620 „ „ 
Whioli ut the preaettt rate of consiiinptioft wouM last for 1270 yean. 



94 feat of oobL 



This coal-field contains only 123 collieries, 



s, msm 
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^857) 1,295,000 tons of coal ; 



CHAPTEE XII. 



CHEADLE COAL-FIELD, STAFFOKDSHIKE. 



quantity small whea] 
compared with the produce of South Staffordshire. 

In the same year 520,000 tons of iron-ore were raia 
nearly half of which was sent into the southern part of 
the county, and the remainder smelted in 20 blast fur- 
naces, producing 130,560 tons of pig-iron.' 

BpbmaIiL, and but slightly productive coal-field stretches 
from the valley of the Churnet on the north-east, to the 
hills of New Red Sandatone, which stretch in a pictu- 
resque and abrupt semicircle along ite southern borders, 
Towards this range the strata dip (S.S.W.), and on the 
north side of the Churnet the high moorlands of the 
Millstone Grit rise from beneath the Coal-formation. In 
the centre of the coal-field, an outlier of New Red Con- 
glomerate reposes unconformably on the Coal-measures, 
and forms the site of the pretty town of Cheadlct 
The following is the succession of the coal-seams. 
1. Two-yard coal. 

1^ 2. Half-yard coal, 

H 3. YardcoaL 

• Minenil Statistiua. 1858. 

t Sea GeoL Survey Mop, Ti, N.E., and Horizontal Sectiua, ahoet 57, ' 
with "£zpkDattun." 
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4. Littley coal. 

5. Four-foot coal. 

6. Woodhead 3-feet coal. 

ffcBmatite Bed of Chumet YaSxy. 

The liower Coal-measiires of tlie Chumet Valley eon- 
taiQ two thiu coals, one of which has a roof of black 
shale with Goniatites and Avimh-pecten* Below these 
there occurs a valuable bed of iron ore, which is now 
being extensively worked along the valley from the oat- 
crop. This iron bed varies from 6 to 20 inches in thick- 
ness, is of a deep-red colour, and contains about 35 per 
cent, of iron. It seems to be in reality but shale highly 
impregnated with hydrated peroxide of iron. 



CHAPTER XIIL 

THE LANCASHIRE COAL-FIELD. 

This great coal-bearing tract is very irregular in outline, 
and consequently difficult to describe. It may, however, 
be said to occupy a band of country lying east and west, 
sending offshoots at intervals into the Trias and Per 
formations on the south, and into Lower Carboniferons 
strata which form its mountainous limits on the nottii 
These offshoots are occasioned generally by enotmoa 
faults. 

The extreme western boundary is a great fault, which, 

throwing down the New Red Sandstone on the west side, 

■ Mr. Binne^, Truis. Qeol. 80c., Manchester, roL u. p. 61. 
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ranges tbrough Eccleston, Lathom JPark, EickerataSe, 
Knowslej Park, and Huyton. To tho northward tlie liigh 
moorlaads, formed of Millstone Grit and Lower Coal- 
measures, traversed by deep valleys with scarped flanha, 
reach elevations of 2,000 feet, and stretch with a seroi- 
circular outline from Chorley to Staleybridge by Bolton, 
Bury, and Oldham. From this elevated tract the 
country gradually descends towai-ds the valley of the 
Mersey, and the Coal-meaaures dip under the Triasaic 
and Permian strata, which form the low-lying districts, 
by Rainford, Newton, Ashton in JIakei'field, Leigh, 
Aatley, Eccles, Manchester, and Stockport, near which 
point the coal-field crosses the Mersey and enters Che- 
shire. The extreme length from Bickerstaffe to Staley- 
bridge is 32 miles, and the average breadth 6 miles. 
Smaller isolated coal-fields occur at Crosteth Park, 
Manchester, and Burnley. 

Ghmral Successitm of Formati'ms. 



n. RedMnrls (Cheshire).. .. 3,{ 
Keuper \2. Lowur Keupec Baud- 1 . 

I stone CWatccstonps) f " 

II. Upper Mottled Sand- i , 

2. Conglomerate beda 6 
3. Lower Mottled Sand- I jgg 

Btone (often abaent) > 
Soto.— Sevenil valuable memoirs on this coal-field have appeared 
y Mr. Binaey, Trans. Geol, Soe, Manchostur, toIh. i. and ii., part 7., 
also by Mr. Bowman— Hui. Seo also Mr. Dickinson's Vertical Section, 
in Heport of the Inapoetora of Minca for 1858. TheGeobgicid Surrey 
of Lancashire ia now in pn^rcsi, and partly completed. 
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Maxima 1 


Tycknei^ 1 


FeaL 1 


f 1. Upper Red maria and liroo- 






Blones of Leigh, Patri- 




Pormiaii 
genes 
355—650 


crofl, Maaeheatcr, mfh 
Schlzodm. BaJimeUia, 


250 


Turbn, Trngoi, Biuoa, 














m 




&o 


to 400 




1. Upper ShaleB, awidBtoaea, ood 












wick, with Mieroeon- 






chm, Cyrene, and fish 






of the genera Ciau^y- 


1,500 
to 2,000 




dtiiu,MBgalieMy»,Pa- 




Iraaiian, &c. : below 




Coal- 


thcwi heds are aand- 




meoaiues 


etonea, sbalea, and tbia 




6.800 ft. 


coal-scama 






2. Middle From tl.o Woniley Four- , 




feet Coal to the Flaga 




below the-ArleyMine," } 3.OM 








dioio, Sah, &d ' ,| 




3. Lower, or 1 Flags, ahatee, and thia 






Ganniatcr / coala, with Gannister 






Bedfl. 1 floora, and roolis of 




shalo with Bpirorbis 


1.800 


Gmialitei. IfaiUUas, 


ABi(Mla-peeten,Litiguli, 








Uiere or Cjiprii 




Millsloae I From tlic "Kongh Rock "to the lowest 1 -,™, 
Grit / millBlonogrit (with Ibin coals) f *»" 




The coal-series varies considerably in different part 


of the districts, and there is a general thickening of th( 


sedimentary materials, as sandstones and shales, towaiA 


the N.N.W. Thus the 8ame coal-Beams are farther aparf 
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K St. Helens than at Prescot, and at M'igan than at St. 
Helena. 

One coal-seam at least can be traeed over the entire 
district under different names. At St. Helens it is the 
" Little Delf," at Wigau the " Arley Mine," the " Eiley 
Mine " of Bolton, and the " Dogshaw Mine " of Bury. 
It is the lowest coal-bed of the middle coal-series, and 
one of great economic value. Its roof frequently con- 
tains fish remains, and some yards above it there oecura 
a very constant bod of ironstone iilled with' Atitkra- 
cosia rohuita (formerly called unio). Above this is the 
" Rushy Park " coal, which is very constant ; but un- 
fortunately the most valuable of all the coal-seams, the 
Caimel Mine of Wigan, tliins away in every direction 
irom Wigan as a centre. 

General Section of tiie Coal-series at Wigan. 

YerilB. Ft. In. 
Strata 

Inee Yard Coai 
Strata nitli IronBtanci 
Itiee Four-ftiet Coai .. 
StratB 

Jnce Seven-feet (with parliiig) 
BtKta 

Fumaoe ift'ne (with partwg) . . 
Strata 

Faabertou Five-feet mine 
Strata 

PemlieTfaa Four-foet Mice 
Btrata 
Wigan Five-feet (inferior) 

-feet (inferior) 
rata,with aworthieaa coal called "] 



I 
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Yards. 1 
Strata (ToriiLblQ) 
King Coal .. 

Strata .. 

Tard Coal . . 

Strata 

Bone Coal .. 

Strata 

SmiUt Coal (Bnahy Part) 

Btmta 

Arletj Mine (t!io most roluable next to the Connef) 4 

The strata here enumerated are charactei-ized by 
seTeral bands with Antftracosia. From tlie caimel, Mr. 
Pea«e lias collected splendid specimens of fishes belong- 
ing to the genera Megalichthys, HoloptycMus, SiplopUm, 
Otenopti/ehius. 

The Lower Coal-measures, or Gannister hed8,commeii(» 
with the micaceous flagstones of Up-HoUand, and contain 
sis or seven coal-seams, seldom of greater thickness than 
2 feet. Mr. Binney Las shown that in ■various parts d 
the coal-fielda all these coals contain- (?(mifl(*V«s, Naut^ 
Aviculo-pectens, &c. in their roofs, species which do not 
pasa npwards into the Middle Coal-measures ; at the same 
time species of Anthraco^a occur in these same beds at 
Eillinge. The floor of one or more of these lower coflla 
(called sometimes " Mountain Mines," from their ocoup- 
rence in the uplands) is formed of a very hard siliceous 
rock with Stigmaria jkoides, called G-annister, from wbicJi 
the name, suggested hy Professor J. Phillips, has been 
adopted for the whole aeries,* 

In estimating the resources of the Lancashire coal- 
"NewSpeoifiB of Fossil Sheila," la. 
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hall altogether exclude these Gannieter or lower 
coala, as they are too thin ever to admit of mining very- 
far from tho outcrop. 

Iron Oree. — The Ironstone measures of Lancashire are 
on the whole very poor, and although formerly used for 
smelting at Haigh foundry, are only now employed at 
Eirkless Hall blast-furnaces, and that very sparingly.* 
At Patricroft the Upper Coal-measures jaeld a valuable 
calcareous htematite 2 feet thick, and Mr. Binney haa 
identified this same band in the upper beds of the Mai^ 
Chester coal-field. 

Faults. — The Lancashire coal-field is traversed by 
difllocations which, although of great magnitude, produce 
scarcely any perceptible features at the surface — so 
complete have been the effects of denudation in levelling 
down inequalities arising from the displacement of the 
rocks. Over the southern portion of the district many of 
tlie faults slope or hade considerably; the general in- 
clination being 25° from the vertical, but often more. 

The western boundary fault of the coal-field ia a 
downthrow on the west of 1,500 yards east of Ormskirk, 
where the Lower Keuper Sandstone and Lower Coal- 
measures are brought into contact. 

The Great Up-Holland fault, which brings up the 
Lower Coal-measures so aa to form an elevated band of 
country between the coal-fields of Eainford and Wigan, 
haa a throw of 650 yards east of Lord Crawford's 
collieries. 

The Coal-measures at Wigan are divided into belt^ 

• Tlieae, I bolievc. are iho only blast -funiaeea at present erected 
Sontli Laucuilurc, and are sappliud with hicinatito ore &oni UIveiBtoi 
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bonnded by parallel faults which range N.N.W., havn^ 
throws varying from 150 to 600 yards : of these the 
principal are the " Shevington faiilt," the " Caimd 
fault of Iiiee," and the " Great Haigh fault," Towafds 
Manchester there is the "Great Pendleton fault," 
ranging along the valley of the Irwell (N.N.W.), bring- 
ing in the New Eed Sandstone, with a downthrow on 
the N.N.E. of 1000 yards, as calcukted by Mr. Binney. 
Lastly, the great fault along which the Manchester coat 
field has been upheaved on the weat against the New 
Red Sandstone ; the throw being at least 400 yards. 
All these dislocations appear to have been produced, or 
at least repeated, after the period of the Triaa. 

FoegiU. 
Upper Coal-measures. — Fish of the genera, Ctau^ff- 
cJdut, MegaUchthys, Biplopteris, Paiwoniseua, Plattfsomai, 
Diphdm, and large bony rays resembling those d 
Burdie House in Scotland* Crustacea : Oythere f (Cypris) 
v^laia. Annelides: Spirffrhia carbonariua. Flanta of 
the usual Coal-measure species. 

Middle Coal-meamres. — Fish: Hol(yptychiua, Pla^v^ 
mu9, Pal(sonisms, Ccelacanihus, Megalichthys, Diplopterii, 
Ctenoptyehius, Diplodus.^ Molluaca: Anthraaosia and 
Modiola. Plants: Coniferce, Lepidodendrtm, SigiRana, 
Calamites, Mahnia, Knorrict, &c., and fems4 

Lower Ooal-measares. — Fish: several of those above- 
named. Molluscs: Goniatiteaundulattts,Ijtsteri,spheriaii, 
• Binney. Trans. Gool. Soo. Mrmcheator, voL i. 
t Ihid. "Ou the Fishes of the Pendleton Coftl-field.' 
t Of these there are Bpecimens in the Muaeum of the GeoL 8oo»^ 
of Manchcal«T. 
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reliculatus, mutabilis, calyx, &c. ; Orthoceras attenvatug, 
sulcatum; Nautilus earinatua ; Aoieulo-peeten papyraeeae, 
Pecten dissimilis, Posydonia, Limpila, Modiola minuta, 
Spirifer Qloveri, filaria ; and Prodwrtzw lying above one 
of the lower coals at Burnley. 

Resources of the Lancashire Coal-jkld. 

In estimating the resources, it will bo necessary, as 
already stated, to discard from our calculations the 
lower coal-series with its thin coal-seams, as these, from 
their insufiBcient thickness, are never likely to warrant 
mining at greater depths than about 350 yards. 

Secondly, it will be most convenient to limit the 
inquiry to the actual coal-field included between the 
ArUy Mine and the highest Carboniferous strata of Pen- 
dleton (which lie about 330 yards above the Woraley 
/[fur-feet coal), including in all 4000 feet of strata. All 
these beds dip under the newer formations towards the 
valley of the Mersey ; and their depth may be calculated 
from the tliickness of these formations, as given at the 
head of this chapter. (Page 101.) 
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I. iio>ofltoto.l-lloH(eiolu«TOoflhoM«i.l ,,2 ^ ^„ 

cliesler and Bumloy flclda) .. J 

!, Total IhitknesH of akata down to tie Arlej I . ^0^ » x 

3. Number of workubio coals aboTc 2 feet ; 1 

Bt. Helena, 13; Wigan, If! ; Pondleton. | 60 foetofooaL 

18 ; giving on average thicknesa of ) 

t Total ocigmal qnaotilj of coal (coirected 1 5.917 ^jj,^ ^f to 

for denudation) .. .. ] 

5, Deduct for q^iinntity already laiaed, I-6th ,. 4,956 „ „ 

6, DDdact for waste, &o., 1-ith ; luaving foe I 

fatore uao 



; 3,717 



Note. — For the calculation of the probable duration of this coal- J 
field see p. 112. 
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THE MANCHESTER COAL-FIELD. 

The north-eastern side and suburhs of Manchester 
atand upon a small coal-field, entirely enclosed by New 
Red Sandstone, except at Colly hurst, where it is in con- 
tact with Permian strata. The shape of this coal-field ia 
oblong, with its longest diameter lying N. N. W., aid 
about four and a half miles in length ; in its broadest 
part it is about a mile and a half across. 

South of the fault which crosses it north of Miles 
Platting, and throws in on the north side the Permian 
beds of Collyhurst, the dip of the strata is south-west 
The highest beds consist of red clays, shales, sand- 
Btones, and three or four beds of Umestone, with 
Sp/rorhis, &c„ and two thin coal-seams. These strata 
can be traced along the banks of the river Medlock, at 
Ardwick, The fossils which they contain have already 
been described. Beyond question they are the finest 
representative series of Upper Coal-measures in the whole 
of Britain. Below these calcareous beds, there occurs a 
thiek series of shales, sandstones, &c, with seven beds of 
coal, the thickness ofwhichis only four feet. These coal- 
seams are probably on a parallel with the ' Worsley 
"four-feet" mine and its associated strata; but the 
thick coals, which lie about 1000 feet below this 
coal at Pendleton, have not yet been reached in the 
Manchester coal-field. 

Iron Ore. — Mr. Einney, who has described thia dis- 
trict with a fulness that leaves little to be required, 
has discovered in the bed of the Medlock a calcareom 



THE BURNLEY COAL-FIELD, 



eeTnatite, occurring in large blocba, vhich he consider 
identical witli the valuable ore now being worked all 
Patricroi't.* 



► 



THE BURKLEY COAL-FIELD. 

Situated some f«n miles to the north of the main mass 
of the Lancashire coal-field, and connected by a mouu- 
taiuouB tract of Lower Coal-measurea and llillBtone 
Grit, the small, but rich coal-basin of Burnley occupies' 
a valley encircled by bills of tliese formations. 

The outline of this coal-field is nearly oval ; its longest 
axis, lying north-east and south-west, traverses Burnley. 
It is about seven miles in length and five in greatest 
breadth. 

The eosterp side of the coal-basin is bounded by a 
large fault, along which the Lower Coal-measures have 
been upheaved on the east side into high, terraced hills, 
while on the west side of the fault the productive Coal- 
measures plunge at higli angles towards the centre of 
the basin. Li this direction they gradnally flatten ; and 
at Burnley are perfectly horizontal. On approaching 
the opposite side of the basin, the dip rapidly augments ; 
and along the base of Fadibam Heights the strata rise 
to the surface in rapid succession. 

There is one point of much interest in connection 
with this coal-field. A transverse section across the 

• Binney " On tbe Geology of MaiicheBter. — lliid, vol. i. 

Note, — My infornmtion regarding this cool-basin is dfriTed from my 
friend Mr. Biiuiey, and irom a Tiait in company with membeis of the 
Geological Society of Moucheatcr, at the invilation of Sir J. Kaye-Sbnt- 
Ueworth of Gawthoipe Hall. 



^ 
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ridges of Padiham Heights and Pendle Hill, in the direc- 
tion of Clitheroe, gives in unbroken aucnession, a com- 
plete series of beds from tbe Fulkdge main coal, or Arl^ 
mine, to the Carboniferous Limestone ; and I believe it 
is the only spot in Lancashire where none of the links 
of this chain of rocha are absent. 

This section includes : — 1. The outcrop of the " AtIot 
mine," under Padiham reservoir; 2, The Lower Coal- 
measures, or Gannister beds, with thin coal-seams; 
3. The " Bough Bock " and the beds of MiUstone Grit, 
the lowest of which forms the escarpment of Pendle Hill, 
1831 feet in height ; and 4. Tlie Limestone Shale or 
Toredale series passing downwards into massive en- 
crinital limestone. The whole of this series reaches a 
thickness probably little short of 10,000 f^t. 

Succession of Coal-Seams at Bundey. 

ThicbneB. 
feet. ; 
Btrata .. .. .. .. 30 

1. DagkoU Coal 
Btrala .. 

2. Eersliaw Coai 
Strata .. 

3. Bhea Coal (Anthraoosia) . . 
Strata 

4. JIfam Coal 
Strata .. 

6, Maiden Cnal 
Btrata, with 8 thin coal-aeamB 

G. LovKT Yard, or Five-feel Coal (_witb st 
etrattt .. 

7. Loiter Soll/ym Cuat or Fotir-feet Goal 
Strata .. 

5. Impure Cannel • • 
Strata .. 



THE BUBSUT OOAIi-flKLDt. Ill 



Feet 

9t jUM Cooi •• •• •• •• 2} 

otnlii •• •• •• v6 



10, GmUMiae 



{Goal SSinehM) 

Shale 12 . I 4 (coal) 

Coal 19 ^ J 

Stnia •• 201 

H China Bed .. .. .. .. 2 

t Strata, with band of jiaftriiaMUi robiMte 99 

Vt Dandy Bed .. .. .. .. 2 

8tiata -• •• -• .• 141 

)X FfdUdge Mam Cotd cfr AHef Kime .. 4 

Lower Coal-meaturei, with Gannister ooal« and two or three other 

aeams with roo& containing Goniatitea. ATicnlo-pecten, Ac. 
IGUsftone Grit aeries, with aeyeial thin coal& 

From this section it will be seen that, near the centre 
of the basin, there are 1017 feet of strata, down to the 
lowest thick coal, representing the Arley mine of Wigan, 
or the Dogshaw mine of Bnry. There are about twelve 
workable coal-seams, with 40 feet of coal; and above 
the Fulledge main seam we find the bed of Anthracoaia 
robuMa, which occurs in the Wigan district above the 
Arley mine, and points to the identity of these two beds 
ofcoaL 

Hesources. 

The basin-shaped structure of this coal-field has only 
^ntly been determined; and consequently towards 
^e centre the lowest coals lie still undisturbed by the 
'^er's pick, these seams having till recently been 
forked only near their outcrop. The upper seams 
^cupy a comparatively small area ; and without pretend- 
^ to accuracy, we may assume the quantity already 
•^orked out at one-tenth of the whole. 



r 
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lU THE COAL-FIELSB OP GREAT BBITAIN. 

The coals of the G-annister seriea are not inclnded a 
tlie followiLg estimates : — 

1. Area .. .. .. .. 20 square milea. 

2. Thictneaa of strata 1,017 feel, with iO 

feet of workable coal. 

3. Total origiual quantitj (oorTected for I ,„„ n,iiijnnHof to™. 

deiindation) . . .. .. J 

4. Deduct for qnantity worked out 1-lOih. 
6. Dednct for waato, &(■., l^tli. 

6. Leaving for future nso ul»ut 272 inilliona of tons. 

The thiQ coal-seams of the Lower Coal-measures are 
worked at Church, Quarlton, and Danveu, and are 
spread at intervals over a large extent of the hilly &■ 
tricts beyond the boundaries of the middle or productive 



General Summary of Resources of the LancasTiire Coal- 
fields. 

1. Area of the Taain coal-fiel<] .. .. 192 square milea, 

2. „ Manchestar coal-field .. 5 ., 

3. „ BoraJey coal-field .. 20 

Total .. .. .. 217 

Qiiantiti/ of available Ooal. 

4. Main coal-ftfld . . .. .. .. 3,717 railliouBOf tone. 

2. MaocheBter coBJ-field .. .. 23 

3. Bnmle J coal-field .. ... ..272 „ „ 

Total ,! .. 4,012 „ „ 

The quantity of coal raised in 1857 was 8,565,600 
tons. Takmg the future production at 9 millionB of 
tone, there is sufticient coal to last for 445 years. 

The above calculation includes the coal within a tw- 
deal depth of 4000 feet 



OUMBERIAND CX)AL-FIELD. 



This coal-field contains (1857) 390 collieries — yv/.. • 
LaneashirG, 359 ; Chosliire 31, — the latter produeiii|^ 
550,000 tons. 



, CHAPTER XI\'. 

OUMBBRLAND COAL-FIELD. 

The zone of Carboniferous rocks which wraps roiuid tht- 
northern flaiilis of the Cumberland moimtaiiis is sur- 
mounted by the rich coal-field of Whitehaven, Work- 
ington, and Maryport. Between this last town on the 
north and St. Bees Head on the south, it stretches 
along the coast of the Irish Sea, and extends inwards 
for a distance of five miles, in which direction the beds 
rise and crop out. From Maryport the coal-fleld ex- 
tends eastward to Boiton. Its total length is about 20 
miles, and greatest width, at Workington, about 5 
miles." 

From the Memoir of Professor Sedgwick, who has 
recorded the distinctive features of this coal-field, I 
gather the following descending series.t 



Suceessim of Strata. 



New BedSandslone of SL Bees' Iload, decompoaing inlg i;rotci« 

nod castellated forms. 
PennioD itrala 1. OjpBeouB marlB Burniouatcd bj- xuiidy uihiIb I 

sandstone. 



* EaUiven'a Geological Map of the Engliah Lokes. 

t Trana. Geol, Soc„ London, vol. It. I have also been kindly 
iiButed b; Mi. Dickon, of WMtehaven, who bos fnroubed aeveral 
£0111617 Bections and much general iufarmBtion. 



114 



THE COAL-FIELDS OF GBEAT BEITAnT. 



Penuian Strata .. 2. Gonglomerate of magneoan limestone, &c^ 

resting on an eroded sorfiEice of the White- 
haven sandstone. 
3.(?) Massive reddish sandstone of Whitehayen. 
Professor Sedgwick appears doubtfnl of the 
. affinities of this rock— 100 to 150 feet 
. . 1. Upper, most fiilly developed at Cleat Moor 
containing 7 workable coal-seams. 
2. The Loujer, with 4 or 5 thin and inferior coal- 
seams. 
1. Grits and limestone shales, with thin bands of coal at Hesket 
New Market 



Coal-measures 
2,000 feet* 



Succemon oj 


^ the Coal-Seams. 






Whitehaven. 














Thiclmesa. 






• 




Feet. 


Strata •• 




4 ^ • • 


• • 


432 


1. Yard Band (about) 




« • • • 


• • 


3 


Strata 




• « • • 


■•#• 


30 


2. Coal 




• • « « 


• • 


2} 


Strata, with a thin coal-seam 


• • 


78 


3. Bannock Band 




• • • • 


• • 


8 to 9 


Strata 




• • • • 


• • 


60 


4. Main Band 




• • • • 


• • 


6 to 11 


Strata 




• * • • 


• « 


240 


5. Low Bottom Coal .. 




• • • V 


• • 


4 




Workington. 






Strata 






« « 


132 


I. Fiery Band 






• • 


2 


Strata 






• • 


96 


2. Brassy Band 






• • 


2i 


Strata 






• • 


72 


3. Cannel or Metal Band 




• • 


4 to 6 


Strata 






• • 


60 


4. Bannock Ba/nd 






• • 


5i 


Strata 






* • 


30 


5. Little Main Band . . 






• • 


3to4 


Strata 






• • 


180 



Mr. Dickson calculates this at considerably less. 



CUMBERLAND COAL-FIELD. 



Feet 
, 9 lu 10 



Strata .. .. ,. .. 102 

8. Fnar-fed, Coal . . , . . . 4 
Strata .. ., ,. .. 15(] 

9. VdaUBand .. .. .. Sto'l 

At Maryport, beneath the Lower Red Sandstone, there 
occura the " Ten-quarter coal," 7 feet thick, supposed to 
represent the "Bannock Band" of Workington, and 
the " Metal " and " Cannel bands," separated by 36 feet 
of strata, are considered to represent the " Main band." 

The thick coals of Workington are thrown out south 
of that town by a large fauJ t, upheaving the Lower Coal- 
measures, which occupy an extensive plateau, stretch- 
ing from Harrington to the hills north of Moresby. 
Another great fault, with a downthrow on the south- 
west, again brin^ in the productive measures of White- 
haven. Unfortunately, however, between this iault and 
the village of Parton, the beds dip to the east, so that all 
the coal-seams below high-water mark crop out under 
the sea, and the coal cannot be extracted on account of 
the quantity of sea-water which finds its way along tlie 
planes of bedding. In some positions the coal has been 
followed more than a mile under the sea. 

From Workington toFlimby, a large nn wrought coal- 
field is supposed to exist, and from Workington to 
Maryport the general dip of the strata is north-west, 
and the coals crop out inland, where they have been 
worked to some extent in very eaj-ly times. 
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From Maryport to Bolton, by Crosby and Aspalria, 
tlie coal-seams are overlaid by the newer strata of either 
J'ermian or Triasaie age. 

Resources. — Probably not more than one-fourth of the 
thick coal of this field remains to be extracted. Mach 
of it has been destroyed by denudation. A smaller po> 
tioii has already been exhausted, and a atill smalla 
cannot be won on account of physical obBtructions. Wi 
may thus sum up ite capabUities for future supply : — 

1. Area of middlo produclivd mcrtsnies . . 25 aqnara milet. 

2, Average tliickneas of workaLle coal . , .. 15 feet. 

D, Qtumtitj of tiooX originally 387 millions of ton 

4. .. „ worked ont and dealioved ■ 290 _ „ 

9. .. ,. remaining for me .. .. 97 ,> » 

Wbich would lost fur about 100 jeara at the pregeat rate of pnxlK 

In 1856 there were 32 collieries, raising 809,546 tons 
of coal. 



CHAPTEK XV. 

WAEWICESHIBE CO.i\l-FIELD,* 

This is a small but rich coal-6eld, extending towardi 
tlic south-aouth-eaat from a mile east of Tamwortli, in i 
constantly narrowing band, by Atherston and Nuneaton, 
lo Dear Wyken — a distance of 15 miles. At the northern 
end the strata form a trough four miles in breadth, 
• For detajla of this ooal-fieJd eeu Mr. UoweH'a Memoir " On the 
Geology ut tha Warwickshiro Ooal-fleld, tc," and the Mapa and Seo- 
tlons of tho Geological Bnrvey. The section of the otraJ-ficW » 
reduced from No. 5, Sheet 51, h; Mr. Howoll. 



- WABWIOESHIRE COAI/-FIELD. 

bounded on the west, north, and east 3 
bylai^ faults which bring in the a 
XeiT Red Sandstone. The Coal-mea- " 
sure* dip under a large district oc- 
cupied by Lower Permian rocks, ex- 
tending under Coventry and War- 3' 
wick. This tract, with an area of 90 E 
square miles, is underlaid by coal at | 
a deptli not greater than 2500 feet g 
in any part, often much less. At | 
the eouth end of the coal-field the | 
wholeof the Coal-measurea are over- % 
iapped by the New Red Sandstone, * j 
which passes across the edges of the h 1 
leds and rests upon the Permian * | 
•Wika. The prolongation of the h a 
fwal-seams under the . Trias has S | 
been proved for more than two g 



General Succeisum of the Formatiom. 





Maxim, thickneas 


1 




P.ect 


^ 


TriM. 


(1. Red Marl .. 600 


i 














Bpftringly represented. 






.1. Brown and purple snnd-, 




Lower 


atones and marl, with cal- 
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Peimiau 


careonabreccinand conglcv 


2.000 


Soda. 
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COAL-FIELDS OF SltEAT BRITAIN. 



2, GoBl-meaenreB with 5 workable coals lying 

near the oentre of the series - .. .. 1 

3. Lover Coat-meosureti uuproductiTe of coal, 

and truTersoii by djkes of greensloBe . . 1 
1. Hard siliceous rock, nith h&ads of shiiJe, 
altered b; intmaivti greenatoiie (about) 



Coal-seams. — The &ve workable coals lie about 1000 
feet below the Spirorhis limeBtone. At the northern 
end of the district they are separated by about 120 feet 
of shales and sandstones, which all decrease in thickness 
while the coals remain nearly the same, and at "VVyken, 
near Coventry, the five seams combine to form one bed 
of coal 26 feet in thickness. This is a change parallel to 
that which occurs in South Staffordshire in the case of 
the thici: eoal, which becomes split up northwards from 
Wolverhampton. Both cases exemplify in a remark- 
able degree the greater persistency of coal-beds over tiie 
sedimentary strata with which they are associated. 



Sesources. 

1 . Aroa of coal-field (beyond the honndary of i 

the Permian locks to the outcrop of tho I 30 aqoare 
" Seven-faet coal ") - . - - - . ) 

2. Tliickness of coal 26 feet 

3. Origiool quantity of coal (oorrooted for de- 1 ~yj million 

nudation) ' ■ ■ . ■ ■ . . ■ ' 

i. Deduct for qnantity worked out, and loss ) .,o 

l-3cd ; leaving for fiiture use ..J " 

Which at the present rate of conanuption, 335,000 ton^ i 
fur 1244 years. 



Under the Permian Eocks there is about an equal 
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intity of coal at a deptli of less than 2500 feet, and 
about four times as much under 4000 feet Mr. Howell's 
sections show the probability that the coal-seams lie 
very regularly, and nearly horizontally under this 
formation. I cannot, therefore, but regard as of pe- 
culiar value this vast reservoir of fuel lying at the 
borders of the south-eastern counties, and actually closer 
than any other coal-bearing district to the metropolis of 
Britain. 

The Lower Coal-meaBurea are traversed by several 
intrusive dykes of greenstone, which nearly correspond 
with the planes of bedding. These dykes have been 
injected subsequently to the deposition of the Coal-mea- 
sures, as they have baked and blanched the shales with 
which they are in contact. At the base of these strata 
we find the Millstone Grit changed into quartz rock 
through the influence of a mass of greenstone upon 
which it rests. Beyond this the whole of the strata are 
broken off by a great faidt, which introduces the Trias. 



^ 



This ^al 



CHAPTER XVI. 



THE LEICESTEBSHIRE COAL-FIELD. 



lall but valuable coal-field occupies an uregu- 
larly-shaped district south of the Valley of the Trent. 
Along its western, northern, and southern sides, it 
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, 




bounded by strata of tli^^ 




■ «l 

i! 


of the Trias ; and along lie 
north-east, by the ancient aUteS' 
aud porphyries of Chamwood 
Forest, which form a minifttnre 


1 J 

3 

i ^ 

ii ^ 


- t 


moantain range, rising in rag. 
ged knolla and serried ridges 
above the general level of the 
country. The Coal-measnres 
underlie the New Red Sand- 


1" 

•^ 1 


stone, to a large and uoknown 
distance, towards the sonth and 
west; and in the Coleorton 






district, several eoUieriea are 


ii 


situated upon the Keuper 
Marl, and pierce this formatioB 
downwards to the coal beneati 


1 


f 
'it 

IS 


the deepest of these shafts is 
at Bagworth colliery. 

The coal-field is physicaDy 
diviaible mto three districte— 




that of Moira, on the west; 


i 


■ll 


Ashby-de-la-Zoueh, in the 
centre ; and Coleorton, on file 
east. The central diatriet is 
formed of Lower Coal-measureB, 


Notf.— This eoa 
matt, in his "Gaol 
Geological Sravey 
and Vertical 9ec 


-fitdldhns been very bUj- iUnataited by Mr. Mam- 1 
gical Pacta," and more recently by tiio woriis of tb» 1 
coGBistiiig of Mapa 63, N.W.,71, S.W. ; Horimntal 1 
ionfl : and n Memoir " On the Geolt^ of tijfl J 
1-fiald." by the Author, 1860. ^^J 
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THE LEICESTERSHIRE COAI^FIELD. 

^out workable coals, and ia bounded on botb sidea by ' 
down-cast faults, which introduce the workable coal-beda 
of Moira and Coleorton, The coal-aeries of these latter 
districts cannot be identified with each other, though 
they are probably synchronous. The " main-coal " of 
Moira is from twelve to fourteen feet thick ; that of 
Coleorton, from six to eight feet. 

Oejieral Succes^etm of Formations — Leicestershire. 

Triaa ( Reaper aerias .. .. .. 700 f 

1 Bimter, (eainetiniei ataent) .. .. 200 , 

Permian Bocks Breccia, apariagly repregented. 

I I. Middle Coal-mcosurea, with about 20 I n ^qq 
I conl'SGHinti, of vrliicti 10 uru workablo ' 

2. Lower Coal-iiieaanres, impruduttiTB ., 1,000, 

3. JlillstoQO Grit . . 50 , 

4. Yoredale seriea and Carbon! fcrons Limestoae. 
The following is a list of the coal-seams in both tie | 

Moira and Coleorton districts. 

Coalseama of Ote Leieegterahire Coal-field. 



Oath 

r 



Moiro Diatriot— tWtrt,) 


Coleorton DiBtrict— (Bttst.) 


Ell Coal (fc) 


. 3 


8 


Stono amot (b) .. 


FL In. 
4 9 


Diohy Gobbler (6) 


3 


6 


Swaaningiou (^a) .. 


3 7 


Block Coal (a) .. 


3 


6 


Slate-coal (6) 


i 8 


little or Four-feet (o) 




6 


Coal 


2 10 


OitQuel {h) 


3 


Q 


Coal 


3 7. 


"-'■{k'^S,}"**- 


12 





Maiu-eoal (a) .. 
Ufiper Lomit (6) .. 


6 0' 
3 9 


Toad(o) .. 






SL«oii<i LauQt (6) 


3 ». 


Little Woodfleld (u) 


2 


6 


Middle Loimt .. 


4 6 


WoodBol4(6) 


S 





NctUor Lount .. 


4 b' 


atooklnesfo) 


9 





HeiithEndCoftliCaane. 


13 9 


Eiueka (a] 


4 








Strata below this unprovt 


a. 
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I ehall conclude this account of tlie Leicest«iBhire 
coal-fleld by stating a few geological facta of interesL 

Igneous Rocha.- — At Whitwiek, a remarkabla bed of 
" whinstone " or greenstone, interrenea between the 
Coal-meaaurea and tlie New Red Sandstone. In one of 
the shafts of Whitwiek colliery it is GO feet thick, and 
has turned to cinders a seam of coal with which it conies 
in contact. It has evidently been poured out as a sheet 
of lava over the denuded surface of the Coal-measurea 
at some period prior to that of the Trias. 

Hock-faults. — In the same district, the main-co&I has 
been extensively invaded by channels filled up with 
fine sand, which completely replace the coal over several 
hundred yards. One of these banks of sandstone, at 
Pegs-green colliery, was found to be 80 yards in width. 
It is composed of the same sandstone that forms the roof 
of the coal itself. In another of these, south of TSTiit- 
wick colliery, a tunnel was driven to a distance of 110 
yards without passing through it. These phenomena 
are similar to those already described in the case of the 
coal-fleld of the Forest of Dean. 

Salt-water.— In the main-coal of IToira, especially in 
the £ath colliery, at a depth of 593 feqt, salt-water, 
beautifully clear and of nearly the same composition as 
sea-water, trickles down from the fissures where the coal 
is being extracted. The brine is carried to Ashby da 
la Zouch in tanks, and is considered highly beneficial 
in scorbutic and rheumatic affections. 
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3. Total original qaantity of coal 302 milUoQS of tool. 

4. Deduct for qiuintity raleed ouc-half, spoiled 1 eni 

one-third, leaving for future ufle ..I 
6. But the quantity under tbe New Ked Sand- \ 

stone at a deptli under 3000 fout ia at I j.^ 

leaet double the above qnantily, mailing j 

a total of I 

Which at the present rate of production, 639,000 tone, would lost 215 

In the Leicestershire coal-field there are 14 colUeriea^ 
five of which work the coal under the New Red Sand- 
stone, There are at present no iron-furnaces. 

Fomk. — ^The plant-remains are ahundant, and have 
been figured in Mammat's "Geological Facts." The 
only shells are of the genus Anthracosia ; and of Crus- 
tacea — CytJtere, or Cypm. 



CHAPTER XVn. 

DERBTSHIRE AND T0EK8H1RE COAL-FIELD, 

This great field, though forming parts of the shires of 
Derby, Nottingham, and York, ia physically me ; and 
in treating of ita structure and resourcea wo must ignore 
political and social landmarks. It is the largest coal- 
field in England ; and about 150 square miles emaller 
in area than that of South Wales, ' 



I 
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Its eastern boundary is the es- 
carpment of the Magnesian Lime- 
stone, with its subordinate Lower 
Permian strata, which, commendng 
near Nottingham extends northwards 
beyond the limits of the coal-field it- 
self. Upon reaching the crest of (he 
escarpment, you find yourself on the 
edge of a table-land, resembling that 
of the Oolite of GloTiceatershire,bat 
less lofty. One point of filn's ridge is 
crowned by the turrets of Be 
Castle. The southern boundary is 
New Eed Sandstone, and the strata 
rise and crop out westward as far 
north as Bradford and Leeds, where 
they bend round to tl]e east, and 
finally disappear under the Magne- 
sian Limestone, which pa.^sea over and 
rests directly on the Millstone Grit 
The greatest length of the coal-i 
from south to north is 6G miles; and 
its breadth varies from five to twenty 
mites Though the general dip of the 
strata IS eastward, there generally 
occurs along the centre of the field 
a gentle undulation (shown in the 
section, fig 15), which for a certain 
distance produces a westerly dip; 
bat the strata always roll over when 
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woadiing the base of the Permian rocks. The Coal- J 
seams are only occasionally broken by faults. 

To the westward, the Lower CarhoniferouB series rise 
into the lofty ranges of the Pennine chain, forming a 
natural division between the countieB of Stafford and 
Lancashire on the west, and Nottingham and Yorkshire 
on tJie east., as well as their respective coal-fields. In 
fact, the upheaval of the Lower Carboniferons rocks, has 
rent asunder a coal-floM which originally stretched 
across from Stafford and Cheshire to Nottinghainahire 
and Yorkshire. 

The loftiest escarpment of this central chain is Mickle 
Fell, formed of Millstone Grit, 2600 feet, and the Car- 
boniferous Limestone of Derbysbiro reaches an elevation 
of 2533 feet.* 

/Succession of Strata. 
Southern- Extremiti/ — Derli/shire. The succesJ^ion of 
strata along a line dra^ra from Kirkby Woodhouse 
through Alfreton Common and Wingfield Manor to 
Crich, may be very clearly ascertained, both from the 
details of the collieries, and the natural sectionB wbich 
present themselves. The following is the series in 
descending order. 

Feet. 

■p ■ ( 1. Matlu anJ aandHtone ■■ 40 

'Bni-Tc 1 2. MaBneaian limeatono .. .. 60 

■ I 3. Maria aud uandetuiio . . . ■ 30 



^^ See FrofcBBor PliilUpB' " Geology of Yorkshire," where tho phyai- 
cnl fufttures of the Peonino chain are grapliioully portrttyod ; also Mr. 
Denny'fl " Foaaila of the Yorkshire! Cual-iield," Proc. Geological Sociotj, 
Yukahiie. vol. ii. 
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Middle 

Ooal-meaBlue 

,2,500 ft 



Lower Hard .. 

Paniace 

Black Shale or Clod . 

Kilbum 



Lower j FiHgstonea of Wingfleld Manor. 

Ooal-menraros I Shales and flaggy aoDdstonea, 
or GanniBtet j with two eoala underlaid by 
seriea. ' Gamiisler floora 

I Rough rook. 

MnistoneGrit J Flaga and BhaleB. 

[ Hard millstoQB 

LimestOQe Shalo, or Yorcdalc liocka 



The Black Shale coal reprosenta the " Arleymine" <A 
Lancashire; and the Kilbum coal, the "Low Moor coal" 
of Yorkshire. In the lower beds there are several valu- 
able ironstones, filled with Anthracosia. The whole 
series is very (liiii when compared with their represents 
atires in Lancashire.* 

For the purpose of affording a comparison of the foi^ 
mationa towards the north and south of the field, I select 
sections from Nottinghamshire, and Bamsley in York- 
shire. 

• Horizontal Section of the QeoL Snryoy, Sheet 60. The author ii 
mach indebted to Mr. Beau, manager of the Butterl; Oi>mpui;'i 
Works, for asaialanoe and iafannatioa. 
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General Seatiort of Strata, 



NotanghamaLira'.— fShireonk 
Colliery.) 


Eamsley, YortBWre.t 




Ft. 




Ft. 


Upper Permian 




Mugufyaiuti limestone 


75 


marls and aund- 






54 


Permianj MagcesiaD lime- 


56 






Rocke. Btono .. 


102 






Lower Pormian 








Bands and aliale 


38 






Strata, with beds of hio- 




Ai^taorUt Todi 


54 


matite and ironstouo ■ . 


42 


Strata 


5J0 


The Manor Coal.. 


2 


Sha/loaCoal 


5 


Strata, with Beveral Ihic 








coals 


7oe 


(Olievitrock) .. 


893 


ShiTBoak or Melton, or 




MuckCoai 


H 


Ba^>ro- UaU Coal .. 


11 


Strata 


219 


Strata, with on inferior 




WoodiaooT Coal .. 


3 


coal. 3/2 


120 


Strata with half-yard coal . 


45 


JWnocB Ooai 


2j 


Winter Coal 


4 


Strata 


138 


Btrata 




HadexCoal 


3 


Beam^ui-m Cool 


3 


Strata 


238 


Strata, with Kent Coal I foot 




Toji Hard Coal (or Sums- 




and Mapplo Coal 4i feet 




fcyCoaO .. .. 


33 


(inferior qoality) 




Strata 




Strata 


216 


IhinshiaCoal .. 


21 


BarasleyCoal 


H 


' Btmta 




Strata 


198 


Waterloo Coal .. 


4J 


Sv)altou>Wooda>al.. 


3 


Strata, with 2 coals, two 




Strata 


234 


feet each 




JoanCoal 


2 


Soft Cool 


Si 


Strata 


60 


Strata 




FlocklonTopCoai .. 


Si 


LoiMrEardOoal 


i 


Strata 


120 



• Partly taken txom section of Shireoak Oolliory lij B 
Pastor and Wright. Joam. Qeol. Soc, toI. syL, p. 138. 
t Key. W. Thorpe, SeclioQ of Strata.— i6id. 
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General Section of Strata — continued. 1 


Niiitingli mnEliire. 


Buiisk'7, Yorkshire. 1 
Ftl 


Ft. 




Straia 


Park GaU Coal .. 5 | 


Pijier Co<a 2i 


Strata 


. 78 


i^tnita 


Thomdije Ihin Coal 


- 21 


FatTOUte Coal .. .. 4' 


Strata 


. 12.1 


Strata 


Faur-fnet Coal (variable) 


- Si 




Strata 


. m 


CMCoal tiit«ii>artings) .. 6 




. i 


Strata 480 


Strato 


. i» 


KObamCoai 6 




» Strato (with ironatone) .. 350 


Strata.. (aboat).. ISO 


Fitmacf. Coai 2i 




Strata (prinoipally shales) ISO? 




Lower Coal-maaaurea.-Flag- 


GamiOerfiagihmeCahoat).. 86 


Bton«s,a)ialii8, and the coals 




with GfljiiaBter, thickness 


Hidi/ax Coal, (with Feetm 


mther □□certain (about) . . ^jq 


papyrareia iii the toofj 






MDlBtonB GJiit. 


Strata (shales and flags) .. 81 




Halifax soft Coat .. .. IJ 




Strata ]» 




Mnistonefirit 


In Derbyshire the principal cools arc the " Top hard ", 


and "Lower hard" seams, producing the valuable splint- 


coal, and in Yorkshire the most remarkable are die 


" Silkstone " and " Bamsley thick coals." The former 


ft^ IB undoubtedly identical with the "Arley mine" of 


^T Lancashire, and thus this fine bed of coal, which seldom 


H exceeds five feet in thickneas, has originally spread over 


H a tract embracing not leas than 10,000 square miles 1 
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acfibed origiiuilly by FrofeBsor Fhillipa,* one or more of 
the coala, witih their roofe of black shale filled with 
AvicuUhpeeten fOfyroMM^ Goniatke$, Paridonia^ d:c., 
can be identified with those which range oyer Nortli 
Lancashire : all of which £Eu;tB go to prove the original 
continnity of these great ooal-fields.t 

FossU Bemams. — ^These have been summed up by 
Mr. Denny % as consisting of 17 species of fish (placr>id 
and ganoid). Of molluscs, 5 cephalopods, 17 cour*]ii- 
feisand brachiopods. Crustacea, Cyihere (Cypris). In 
the roofing-shale of several of the coal-beds fisli mmuixm 
occur, and so plentifully in the case of one of thc^M*, itt 
Kiddleton, that the miners call it the '^ fis}i-<v>al/' In 
flieroof of the ** Halifax coal," of the Lower iUnxl'Uwiir 
sores, Goniatites Listeri is found throughout \\m iMilirc 
course, .sometimes beautifully preserved in iron \iyr\U*K 
and with this is associated Avicuh^eten papyrcujeuM, 

In the "Catherine Slack coal'' near Jlalifax, Nais 
^ Bawsoni and Orthoceras SteinJumeri vixn irii(\\\t*u\, 

In the Middle Coal-measures tliero are iMindM (X \ftiu- 
stone filled, over a great extent of country, with Anlhrn 
<^09ia (Unio) and Cythere (Cypris). 

The OoaV^rm(mire% under the Permian (mil Tritm, I 
We already stated that the whole of tlio c^iiit-flMld i|)|ia 
^t a very small angle beneath the im*AiY\niumi nt Mm* 
Hagnesian Limestone ; and there iH probably im Inr^fn nn 
extent of area below this formation um bnyond Um w<'mI 

* Article " Geology," in Encyclopedia MdrttjmlUma, 

t See Mr. Binney, Trans. Geol Hoc., l/tiMvUtmU^r, vol. If., \mri 7< 

X Proc. Gool. See, Yorkahire, vol. 11 
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erly limits. The greatest thiekne^ of the Pennwn 
beds is shown in the section of Shireoak colliery to bfl 
200 feet, as the shaft commences at the base of thB 
New lied Sandstone ;■ and as the depth increases very 
gradually eastward, the "Shireoak." and "Top hard 
coals must occupy a very large extent of ground at a lea 
depth than 1000 yards, though the diminished thick- 
ness of tije latter at Shireoak sbows a general tendency 
to thin away towards the east. In Yorkshire there does 
not ai>pear to be any tendency to an easterly thinning 
out of the coal-seams; but they usually rUe towards 
the north-east, near to and under the Magneaian Lime- 
stone.f 

Iron Ores. — There are several courses of valuable 
ironstones in this coal-field, supplying about 50 blast 
furnaces, yielding in the West Riding 96,200 tons ot 
pig-iron, and in Derbyshire 100,900 tons. In addition to 
these the Cleveland ores, which are derived chiefly fiw 
the Middle Lias, yielded in 1857 upwards of one milliffli 
of tons. 

Resoarees. 

In estimatingthe resoiu'ces of this coal-field I include 
only the workable seams of the Middle Coal-measures I 
the coals of the Gannister series, though frequently 
good quality, being too thin to be worked at depths 
much greater than 300 yards. 

• Afl I iLin iDformedby my collaugue, Mr. W. T. Avelino. 
t Ah I am informed bj Mr. Cliarlefl Morton, H. M. InspeotMi *" 
irhom I am iodobted iai ioformBtioa legufdisg thi£ ooal-Qeld. 
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Ares of coal-field (not inoluding that por- 

tioiiaadenieathtlioHagiieBianLinieatoni;) 760 Bqnare miles. 
Grealeet tliickoeaB of prodaotive coal- 

Jueasnrea (from the Ackvortli rank aliayo 

theShaftoncoQltotho Low Moot coal)... 2,500 feel. 
Average number of workable ooaU above 

~ foot, 15 ; giving a vertical thickness of 






46 



Total origiaal qnantity of coal (correotoit 
for denudatioD) .. .. .. lT,fSS6 millioD 

Deducting l-4th for the ijwmtity worked 
out, and l-4th for waste, Sec., wo obtain 
for future osB .. .. .. 8,828 „ 

Tbia at the present rate of consumption of 
12,503,000 tons, would hiat 702 jcara. 

7. The area, overaptead by Permian (Mugne- 

aian Limestone) and Triaa, mider which 
several of the workable cools lie at a 
depth within 4,000 feet, is about 400 
squiu'e miles, oontaiuiug .. .. 12,390 „ 

8. Tolal qnantitj of coal under 4,000 feet ia 

therefore 12,390-1- 8,828 .. .. 21,218 

This coal-field supports 541 collieries, producing 
(1857) 12,502,882 tons of coal, which may be thus 
arranged ; — 



Mr. Morton informs me that there are only about five 
collieries in Yorkshire working coal under the Magne- 
sian Limestone, at which, in 1858, about 200,000 tons 
of coal were raised. 
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CHAPTEK XVni. 

QBEAT NOHTHEEN COAL-PIELD OF DUBHAK AND 
HOBTHUMBEKLAHB. 

The general euceeseion of the strata and their relatire 
position over the area of this coal-field is similar to that 
of Yorkshire, bo that one section will serve to illustrate 
the structure of both, I must therefore beg the reader to 
refer to the traUBverse section at the commencement of 
the last chapter (fig. 15, p. 124). 

The great northern coal-field extends &oin 8taindrop, 
near the north bank of the Tees, on the south, to the 
mouth of the Coquet, where it enters Alnmouth Bay, on 
the north, the distance being nearly 50 miles. Its 
greatest diameter is near the centre, along the course 
of the Tyne, which forms the great highway for the ex- 
port of coal to the London market.* 

From the Coquet to the Tyne the North Sea ibrmB 
the limits of the coal-field. South of this the escarp- 
ment of the Lower Permian Sandstone and Magnesian 
Limestone forms the boundary at the surface ; but ihe 
Coal-measures imderlie these newer rocks, and aince 
Dr. William Smith,t first on theoretical grounds and 
afterwards by actual experiment, demonstrated the 
existence of the coal-field at Haswell near DurhaiD, 

* I have calcalated the area of tliia coal-field from Mr. W. Oliiei'l 
map in the Mining Beeord uBico, There ore some iutereatiiig detaOl 
in " Out Coat and oiir Coal-pite," publUhed by Mesare. LongmwL 

■\ About half a ccotaiy ago. 
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Wtli the Triaflsic and Permian formations have been 
perforated over a large area, eapecially at Seaham and 
Ryhope in Durham. The general dip of the strata is 
easterly as far as the margin of the sea, where they are 
almost horizontal,* The Permian strata are uncon- 
formable to^the Coal-measures ; and from the mouth of 
the Tyne southwards they rest successively on lower 
beds, till, at the south end of the coal-flelJ, they finally 
overlap the whole coal-aeries, and for a distance of 48 
miles (fi-om the bank of the Tees to the margin of the 
Yorkshire coal-field) repose directly upon IVIiUstone Grit 
and Yoredals Kecks. 

From below the coal-field of Durham and Northum- 
berland the Lower Carboniferous rocks rise towards the 
west and north into swelling moorlands, and ultimately 
into the mountainous tract of the Pennine chain, attain- 
ing, at Hedge Thorpe a height of 2347 feet, and at 
Yevering Bell, 2U00 feet. 

General Series of FormatioTis,^ 
NewBedSondBtone.— Bedsandsioneandcoaglomoiate. 

1. Upper Permian marla, willi gypBum 100 tt. 

2. CrystalUnelimefituDe, with;Sc/iizLit!u« 
Schlotheirai, and Mylilne sejilifer. 

3. Brecdated limeatune (Tynemonll] 
Cliff). Ijiag an— 

4. Fosfliiiferoafl limeetono, with Pro- 
dmitui, Strophalosia, Athyrii, 

Avkula, &c., and nuracrona bryozoa. 



Permian Kockaf 
(MagoetduD Lime- 

Btono) 
500 to 600 feet 



• As I am informed by Mr. M. Dunn, H. M. Inapector, to wh 
am tudebted for much information, 
t iTrom the woiks of Ptofeasor King and FtofeBSor Sedgwick. 
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/5. Compact limestoae, with eimilar 
[ fossilB, 

6. Marl slate, calcareona shales aad 
I thin-boddiiil liinestoue, with fisbeB 
i of the geoera Palxoniecai, Aero- 
I lepie, f fotysomug. 

1 7. Lower Permian sandfltoue with 
\ gypseoua marl .. .. ! 

I I . Uppur series, with ttiiti coals, and 
I a band of ironBtonc with Anlhra- 



PermiaQ Bocks. 



909 „ 

2. Middle Heries. From the " High 

Main Coal" to the "Low Main 

Cool" .. .. .. tao . 

3. Lower Coal-meosurea, with 2 beds 

of cottl, between 2 and 3 foet thick 700, 
Millstone Grit. — Coarse grits and shales .. .. 4U , 

Yoiedale Kocks. — Shale, with bands of limestone end 






m . 



Scaur Limestone.* — Ten beds of limestone, parted bj 
fta manj beds of shale, containing 
coal-seams in Northnmberland, 
upwards of . . . . . . 1,120 ■ 

Coalseamt.'^ — The most importaat coal in the New 
castle district is the " High main " or " Wallsend " 
It is the highest workable coal, and varies from 5 to f 
feet in thickness. It is traversed by the " 90-(athoia' 
dyke, and is persistent in its general character to 
northern and western outcrop, but southward toward 
the valley of the Wear is split up into two seams by ' 
intercalation of sandstone and shale. 

The "Bensham" seam, 20 fathoms below the "H^ 
Slain," is very variable in its qualities, and is often ud 
workable. It acquires its chief value towards the ( 

* Professor Phillips' " Manual of Geology," p. 163. 
t For the details of the coal-seams, I am indebted to Mr. I 
H, M. Inspeotoi of CalUeiies, 
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and is worked extensiYely under the Magnesian Lime- 
stone at Sunderland. Its general thickness is 6 foet 

The " Low Main " seam is known to range tram Wid- 
dington on the north to Ferry Hill on the south, a dis- 
tance of about 40 miles. This coal, south and west of 
Newcastle, is moderately soft, and excellent for house- 
hold use and coking. But passing northwards its 
character changes; ^it becomes very hard and less 
gaseous, and constitutes the most important bed of 
steam-coaL Below these lie several other seams, which 
will become more extensively worked as the supply from 
the valuable beds above described becomes curtailed. 

The following is a list of the general series of coal- 
Beams, for which I am indebted to Mr. Dunn. 

Coal Series of Northumberland and Durham. 
(Newcastle District.) 



Upper Goal-measnreB 

1. High Main Coal . . 
Strata 

2. Metal Coal 
Strata 

3. Stone Coal 
Strata 

4. Yard Coal 
Strata 

5. BensJuim Coal 
Strata 

6. Five-qtiarter Coal .. 
Strata 

7. Low Main Coal 
Strata 

8. Crow Coal 
Strata 

9. Five-quarter Coal 
Strata 



Ft. 


In. 


900 





6 





33 





1 


6 


33 





1 


6 


63 





2 


10 


63 





2 


10 


78 





3 





48 





6 





60 





2 


10 


24 





8 


8 


30 
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10. RuUr Coal 
Stnita 

11. TouNiley or Harvey Coal 
Strata 

12. Jelly Coal 
Strata 

13. Stow Goal 
Blrata .. 

14. Five-^mrter Coal 
Strata .. .. .. , 

15. Three-qaaTter Coal 
Strata .. 

16. Brodcwell Coal 

The aeries below the Low Main coal are taken at 
BlaydoQ and Wylam, aa they have never yet been worked 
at Newcastle. 

Basaltic Dykes. — The coal-fleld is traversed by several 
basaltic dykes, generally ranging east and west, and run- 
ning for several miles in nearly straight lines. The beds 
of coal on approaching these dykes become anthracitic, 
and ultimately worthless. Near Neweaetle one of these 
dykes is also a fault, with a downthrow to the south of 
90 fathoms ; it coincides with the valley of the Tyne, 
and enters the sea north of TynemoutL The Cock-fidd 
Fell Dyke, in South Durham, ranges from W. N. W. to 
E. S. E. There is also a natural system of fimveB, 
called " cleats," ranging N. N. W. 

Resources. 

In estimating the extent of this coal-field, we mtul 
include not only the superficial area formed of the Coal- 
measures, but also the district overspread by the Magas- 
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sian Limestone and New Red Sandstone, as far sonth as I 
the Valley of tlie Tees, there being no doubt whatever I 
that most of the coal beda are accessible under this' 
area at a depth under 4000 feet In the following 
estimates, I shaU give the rasources of each Beparately> j 
as well as conjointly. 

A.ctual Ooal-jkld ieyanA the. Ma^nman LimeBtone. 



■2. Number of workoble Beams above two feet 
aboat 10, witLi tliickucsg of 

3. Original quantity of ooal (corrected for 

denudatiou) 

4, Dodnctiug for qnaatitj worked out, l-4th, 
i, l-ltb, there remaiiis for future 



4G0 square miloa. 



1 



Qiumtity under the Permian and Trias. 



3,158 miUinaaoftoDB, 



7,432 



Area, under 4,000 feet 

6. Thickness of workable coal 

7. Quantity for future use, after deducting for 

waste, &c. .. 
S. Total quantity under 4,000 feet of depth 

3,158 + 4,274 = 
9. Thia, at the present ia(« of consumption (about 15, 

would last for 4<j6 years. 

This coal-field contains 2fi8 collieries, producing 
(1857), 15,826,525 tons of coaL 

There are also ti9 furnaces ; of wbict 41 were in blast 
in 1857. Of these, 18 are in Northumberland, 51 in 
Durham. Total produce of iron, 347,750 tons. 

Mr. Foidyce, in his work just published (1S60\ gives two estimates of 
the area : one of 840 square milea (p. 9), the other 750 (p. 31). It wiU 
bo obaerred that tliis ktter closely agrees with that oinved at by the 
Author (Appendix H). For further details see "SynopsiB ot the New- 
castle Oottl-fiEld." by Mr. Buddie, Trans. Nat. Hist aoo„ Northtunber- 
land, vol. i. 
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CHAPTER XrX. 


SUMMARY OP RESOOECES — ENGLAND AKD WALES. 


The following table wQl exhibit at a glance the resnlta 


arrived at, as stated in the previons chapters : — 








Unda-Ne™F<™»Bm 1 




Area 
Sq. Miles 


Quantity of 


""-'"'■""" 1 


Name of Coul-ficld. 


Ooal to B depth 
of 4.000 ft. 


Area 
sq, miles. 
























1. AnglsBta .. 


" 9 


innnnHderablB 






2. Bristol end Somerset 


45 


747 


105 


l',742 


3, CoalbrookDale .. 




2S 








2S 


97 






S. Deubighabiie 


47 


400 


'20 


'4IS 


6. Derby and Torkal.ire 


760 




400 


12,390 


7. Durham 4 Northum- 
berlawi .. 


I 460 


4,274 


225 


3,158 


8. PUnWure .. 


35 


21 






9. ForeriofDeKi .. 


34 


561 






10. ForeatofWyre ., 










11. Lancashire .. 


2i7 


4,012 


25 


'500 


12. Leicestershire 


15 


50 


HO 


401 


13. North etaffotdsMre . 


75 


],G20 


20 


GIS 




93 


973 
















16. South Walefl 


906 


16,000 






17. WHrwiobshiie 
m Total 


30 


418 


107 


1.W 


2,779 


38,119 


932 


20,990 


■ 






j^ 


1 Total area containing coal to a depth of 4,000 feefc 


I 3,711 square miles. 


H Total available quantity of Coal witliin this depth 


H 59,109 millions of tons. 
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Taking the annual produce of England and Wales at 
60 millions of tons (the actual produce is 57 millions ; 
but 3 millions may well be allowed for the increase of 
future years), the above supply of coal will last for 
about 1000 years. 

If the above results can only be regarded as approx- 
imately accurate, and considering the nature of the in- 
quiry they can scarcely pretend to more, they are at least 
sufficient to show, that for many generations to come, 
the mineral resources of England are capable of bearing 
any drain to which they can possibly be subjected either 
for home or foreign consumption. 

^Hpcotland, that the series of formations of which that 
^■oountry is composed are arranged in bands crossing the 
island from south-west to north-east ; and, on the whole, 
parallel to the central range of the Grampian Hills. 

The great coal-field of Scotland forms one of these 
bands, stretching from sea to sea, and occupying a 
trough between the southern slopes of the Grampians 
on the one side, and the northern flanks of an elevated 
district, composed of Old Red Sandstone and Lower 
Silurian rocks, stretching from Kirkcudbrightshire to 
Berwick, of which the Lammermuir, Pentland Hills, and 
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the highest sources of the Tweed form a part* The 
western margm of the coal-field is washed by the Firth 
of Clyde, along the coast of Ayrshire ; the eastern limit 
is the North Sea, from St, Andrews Bay, along both 
banks of the Firth of Forth, to the mouth of the Tyne. 
Tlie northern limit passes from Ardrosaan, by Glasgow, 
Stirling, and Cupar. Tho southern boundary is ex- 
tremely irregular, deeply indented by promontories of 
Old Red Sandstone, and enormous protrusions of trap ; 
but, on the whole, extends from Ayr to near Dunbar, 
along the flanks of the Lead Hills and liammermoir 
Eange. The extreme length, from the coast of Ayr to 
Fifeness, is 94 miles ; the average breadth, 25 milea-f 

Ghological Age of the Scottish Goal-field. — Though it is 
by no means improbable that there are certain portions 
of the higher strata contemporary with the Coel- 
formation of central England, yet the great mass of the 
formation belongs beyond all question to the period of 
the Carboniferous Limestone. If we observe the gradual 
change which the Lower Carboniferous rocks undergo in 
their extension from the Midland counties of Engl^id 
into Northumberland and South Berwickshire, we shall 
be prepared for this remarkable change in their mineral 
character as developed in Scotland. In Derbyehire 
this Limestone formation consists of an enormous mass of 



* Beaching at Broadlaw Htll , 2741 feet, and at B1ack]i<rase Hdghli 
2S70 feat. 

t The actual wotka.ble coal-Borface is variouflly computed by Pro- 
fessor Rogers, Mc. Bald, and Mi. J. Nicliol, nut to eioeed from ISOO 
to 1720 sci,aatB milci. 
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calcareouB rocks, once deposited in a sea teeming with 
animal life, almost devoid of sedimentary material, and 
entirely destitute of coal. Further nortli, in Laneaaliire 
and Yorkshire, thin beds of coal are found at a stage 
earlier than the true Coal-measures, associated vitix 
fossils allied to thoae of the Carboniferous Limestone. 
Still further northward, the bold coasts of Northumber- 
land exliibit the Carboniferous Limestone rocks, opening 
out into different courses, and including thick beds of 
shale with several coal-seams; one of the calcareous 
bands, near the centre of the group, being characterized 
by Poaydonomya Becheri — a fossil belonging to the Calp 
in Ireland and the Culm limestone in Devonshire.* 
These changes, carried to a still greater extent by the 
augmentation of sedimentary strata, such as shales and 
sandstones, and the increase in number and thickness of 
the beds of coal, introduce us into the great coal-forma- 
tion of Scotland, which is composed of an assemblage of 
sandstones, shales, ironstones, and coal-seams, overlaid 
by beds of marine limestone, containing fossils of the 
period of the Carboniferous Limestone of England. 

Trap Roehs. 
The base of the coal-formation of Scotland is the Old 
Red Sandstone ; and at or near the junction there has 
been a very general outpouring of Hubmarine lavas, 
which we now find consolidated into greenstone, felspar- 
porphyry, and tufa, in some places earthy and amyg- 
daloidal. These are stated by Sir C, Lyell to constitute 
a ridge parallel with the Ochils, extending from Stirling 
• Muro!)ison'H"SJiiiriB."p.311. 
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to near St. Andrews, where they are very clearly ex- 
posed in the coast oliffa.* These bedded igneous rocks 
receive their highest exemplification in the bold escarp- 
ments of the Pentland Hills, Salisbury Cr^, and the 
rock of Edinburgh Castle. Tlie really stratified character 
of these rocks has only recently been demonstrated by 
my colleagues, Messrs. Geikie and Howell, and is beauti- 
fully indicated in the new geological map of Edinburgh. 
It is here shown that they follow the dip and direction 
of the associated strata, all pointing to the couclnsicni 
that they have originally been poured out over the 
bed of the sea, at intervals, during the deposition of the 
Lower Carboniferous strata. Rocks of a similar origin 
occur amongst the Braid Hills, Garlton Hills, as also 
in South Berwickshire ; and probably include many 
of the great protrusions, which are found at intfirralfl 
along the whole course of the Scottish coal-field, from 
the mouth of the Firth of Forth to the coast of Ayrshire. 
They may always be distinguished from eruptive traps 
by their bedded character ; and, as a general rule, the 
strata which overlie them are not altered or metamor- 
phosed, as when brought in contact with eruptive dykes. 

In contradistinction to these are the dykes of later 
date, injected along fissures in the strata, in which 
they produce well-marked changes ; such as expelling 
the hituminous part of coal, and hardening sandstones 

• " ElomenlaTj Geology," p. S61. One of the moat temarkable (bniu 
which tliesti rocks aasume aloog the coasts is known as the *- Rock and 
Bpmdle." It conaiatsof a pinnacle of tnff which may be compared to 
a diatalf, and near tho base is a, mass of columnar greenstone, ia which 
the cotamns radiate from tho centre liho the qrakea of a wheel 
Buadere of Bums will recollect that "the riwk" iaUie Scototi name (M 
a diulaff. 
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and Bhales, Three dykes of tliia nature are mentioned 

by Mr. Milne, in tlie coal-fields of Mid-Lothian, called 

" the Niddry dyke," " the Morison's-haven dyke," and 

I "the Cockenzie dyke." 

! General Succession of Coal Series. 

The. Lothiane. — The thickness of the coal-aeries in 
the Lothians, according to Mr. Milne, is from 1000 to 
1050 fathoms ; in the better-known portions of which, 
286 fathoms consist of sandstone, 188 of shales, 27 of 
limestone, 21 of coal, and 12 of clay. There are from 
50 to 60 coal-seams of greater thickness than one foot — 
the thickest being 13 feet. 

The principal cools are " the Great Seam," which has 
been traced from its outcrop at Gilmorton, under the 
valley of the Esk, over the Carbcrry ridge, to the valley 
of the Tyne, a distance of 12 miles. It extends from 
the flanks of the Lammermuir range, northward to the 
sea. Below this, at a depth of 230 fathoms, is the 
"North Greens" coal, which yields the "Parrot-coal," 
I valaable for its gas. 

The " Boghead coal," in the county of Linlithgow, 
the object of a celebrated trial at law, and one of the 
most valuable of the brown cannels of Scotland, occurs 
in a small area, and is of an average thickneaa of 18 
inches, but reaches in some places 30 inches. It is a 
true coal, as it rests on a bed of fire-clay full of Stiff- 
maria, and is surmounted by shale and ironstone with 
plants and shells {Anthraaosia). It yields about 70 per 
cent, of volatile matter, and is in high request for tlie 




manufacture of gas and paraffin oil." There are several 
eeamfi of " brown eannel " in Fifeshire and Edinborgii- 
sliire, all valuable for gas. 

My colleague, Mr. Geikie,-f- gives the following as the 
vertical section of the strata in the Mid-Lothian coal- 
field. 

'SandetoneB, shales and fiie^la;!, vitt 

of coal, oGcupjing the otm- 

tml area ol' the coal-field. 

lA great aorieB of iBodatonea andduln 

f with 3 bands of marine liinmdnnc, 

with Eacriailei, Sptrifer, Pndueb, 

Ct/athojikj/lla. Two thin 

— Sandstones and 

of coal, gome of wbii^li are thick and 
valuable. 

IMunne limoslonca intercalated viUi 
sandgtones and Bhale«. A. few thin 

of coal, with 
Frodueta, Spirifer, CyathophfiBw* 
more tarel^r ; BeUerophon and OrOa- 

1. BurdiuboQse Lime-I Compact, splinter;', and often 
.Btone Group, ' limeBtone, crowded with 
hi and plants. FiaU: Pi 
Megalichtlijii, Gyracanlhui /e 
Crnetocea ; Cj/prfdea in vastn 
forming whole beds. Plants : fenA 
I, eeed-coaea. So, ; 
I, Lower Group; red-\ 
diah Bandatoncs,) 

abales, and lime-|LDweBt beds, DiifoBgiliferoiiB. 
stanea of greatj 



(27 fuel) 



• " Ure's Dictionary of Artfl, &o." by B. Hont, pp. 361-3, 

t '■ The SlOTy ot a Boulder." Edinburgh, J858. A little woA ftiB 

of graphic delineationa of BooHdBh Geoloiy, and, liJiu Hngb Millwl" 

"Old Bed SftndElone,"clolhiDgBcientiSa truth in a poetio garb. 
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Mr. Geikie describes in detail tlie structure and or- 
ganic prodnctiona of the celebrated Burdiehouse lime- 
stone, and arriveB at the conclusion that it was slowly 
elaborated at the bottom of an estuary of a river into 
which the remaina of terrestrial plants were drifted 
from the land, while bone-covered fishes haunted the 
waters, and huge sharks (the ganoid fishes) ascended j 
from the sea to share in the decaying putrescent matter j 
ever brought down from the interior." 

There are several seams of brown cannel in Fifeshire 
and in Edinburghsliire, all valuable for gas. 



I 



Lanarkshire. 



The general succession of the coal-seams in Lanark- 
shire is illnstrated by Mr. Ralph Moore's vertical sec- 
tion, of which the following is a synopsis. 

The total thickness of beds is 750 fathoms down to 
the Hurlet Coal, and may be thus divided : — 

Ppper Ssries.— From the "Upper Four-foot Coal" downwarda, with 
340 feet. ten coKl-BemoH &om two feet and upwards, imd with 

the "Palace Craig," the "Airdrie,"aud "Slatj" 
bladt-hand ironstones. 
WddkSeriei. — From the "Mooratone Book," which may possihly 
960 feet. lepreaent the " MillBione Grit" of England, down to 

the GornMrk Limealjine. 
LovKT Series.— Bepreaentiug the Carhoniferous Limertone of England, 
2,200 feet. containing six coutseB of UmeBtono from the Gam- 

kirk hand to that wliich oTerliea the Hurlet Coal; 
and several coala, including the hermaJuxgoa Oat Coal 
and the Hurlet Coal, sis feet thick — and tlirce conrsei 
of black-band 



"The Btory of a Boalder," p. 192. 
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The strata below the Hurlet Coal are not represented 

in Mr. Moore's section. 

Mr. J. Craig, upon the conclusion of an elahorate 
siiryey of that portion of the Scottiah coal-field from lie 
valley of the Clyde to Uiat of the Leven, has classed the 
coal series into five groups,* as follows : — 

(general Section in Lanarkshire and Stirlingghire. 

1. Upper Jtfd SaiuiitloTK Beria. — Bed aandatones and shales with thin 

bede of coal. 
"2, Upper " Freih-ieateT'' Smei.— With SO coals, seven or laglil ol 

wliidli arc workable, witli several epecies of ATUJtraaiila (Ui 

iuid fishes, ns XegoliAihy) Hibberti, Gyracaalhta /ormonut, Clauf 

oonlAus. Three black-baad ironslDues. 

3. Upper Marine, or Limeitoiie Seriei.—liaee or four beds of limertont 

witli shales, and three very thin, coals. The limt>Btones conhbi 
Eimrinitet, Nuada, BeUeropkon, Euomphalnt, OrStoeerat, &c. 
neas of the aeiisB about 200 yards. 

4. Lower Coal Seriei.—yo limestonea, but eevctal aoal-sosmB, tlH 

lon^st being caonel, with the Keppoch blafk-band 
Below tbesi.', shales with iranstone and litnestone bonds. 

5. Loaer Marine iSmei.— Marine limestone resting on alam ehili. 

Sulphur coal 6 feet, below which occur a sedes of lower 
ahalea and sandstuDcs, resting npou Old Bed BaiidstoDC, and 
ing the base of the Carboniferous series. 

The whole series hpre represented exceeds 1000 yards 
in thickness. 

Hesourees. 

We are not at present in a position to give anythii^ 
like an approximately con-cct estimate of the area and 
resources of the Scottish coal-fields : wo must wait till 
the geological surveyors put us in possession of reliaUe 
maps and sections. The want of such documents is fyt 
with all its force when we find that with an area o! 
* Brit. Assoc. Kcpott, 1840. 
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nit 1720 square miles the qnantity of coal has been 
calculated at 153,916 millions of tons by one authority, 
and at 230,874 by another. From the smaller of these 
estimates very lai-ge dedactions would, I feel coafident, 
be necessary, in order to arrive at the supply available 
for future use. 

The quantity of coal raised in Scotland in 1S58 was 
8,926,249 tons. 



B CHAPTER XXI. 

" BROBA COAL-FIELD, RUTHBRLANDSHIRE. 

A SMALL coal-field occurs at Brora, near the shores of 
the Dornoch Firth. It is of the age of the Lower 
Oolite, and perhaps contemporaneous with the carbona- 
ceous sti-ata of Whitby in Yorkshire. It affords the 
thichest stratum of pure vegetable matter hitherto de- 
tected in any Secondary formation in England. One 
seam of coal of 3J feet in thickness has been worked 
extensively for upwards of a century.* 



»CHAPTEE XXII. 
IRELAND. 
That Ireland was once covered over two-thirds of its 
extent by coal-beds is a proposition which we may con- 
fidently affirm on geological grounds ; but the misfor- 
tune of the sister isle began long before the landing of 
• Lyell, Elem. Geol., p. 313. 
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StroEgbow, for old father Neptune has swept the coal 
and coal strata clean into hia lap, and left little but a 
bare floor of limestone behind. In plain words, if we 
examine a geological map of Ireland we shall find that 
the CarboniferousLimestone overspreads its greater part ; 
and as we always find in England that this formation ia 
ultimately surmounted by Coal-measures, so we may 
infer there was the same order of enccesaion here, before 
the sea — which more than once overwhelmed 
country after the Carbonilerous epoch — remorselessly 
swept away the most valuable portion of this syatem 
of rocks, with the exception of a few isolated tracts now 
about to be described. 

Mr. Jukes, who, with his staff of geological surveyors, 
is engaged in working out the geology of Ireland, gives the 
following as the succession of the Carboniferous rocks: 

Coal-fields of Kerry, Corlc, and Waterford. 



2. Coal-measores. — Bbaloa aiul cleaved slates, fine- 
grained grite, with thin cool-seama, mons tlinn 2,000 ft. 
1 , Carboniferous Limeslono . . . . . . 1^00 „ 



The Coal-measures are generally highly inclined, con- 
torted, or inverted, and the beds of coal have been so com- 
pressed as to be only a few inches in thickness for many 
yards, and then suddenly expand into !ai^ pockets 
coal of a thickness of 20 or 30 feet Coal-mining is here 
conducted like vein-mining, and tlie Coal-measures a« 
of the age of the Upper Limestone ShaJo of England. 

* "Uanoal oCQeoloRf," p. 44S. Mem. GsoL Borvoy of Irdssd. 
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Clare, Limerick, Tipperary, and Kilkermy. 

5. Coal-measurefl. — SiimTar to those in Cork, bat generaUj lying nearly 
horizontul. Tbo coola retain their original tbiokncBBes, vtuying 
from G inclioa to '6 feet. CDaJ-planta aie ubondant, and atielle, 
nbicli in England belong to the period of the SGllatone Grit or 
Ganniater beds, us Gonieiite*. B^Xerophon, PecUn-papyraEeut. 

4. Upper LimoatoDe.— Crystalline and compact limestone. 

3. CnlpoiIMiddleLimeBtone. — Blnok limestones and shales. 

2. Lower Limestone. — Thick-bodded grey limcetone, sometimes crys- 
talline, aod often dolomitic aud oolitic. 

1. Lower Limestone shalo. 



North of Ireland. — Tyrone, Ballycastle, ^c. 

In this part of Ireland the Coal-measuree appear to 
belong to the age of those of England, and are under- 
laid by MiDstone Grit. The inferior beds are Bimilar to 
those above described. 

From the survey of Sir S. Griffith, it would appear 
that the Tyrone coal-field is rich in minerals, though of 
limited extent. Along the banks of the river Torrent 
seven workable beds of coal appear, having a combined 
thickness of 30 feet, and included within 280 yards of 
strata, which are idtimately covered over by Red Sand- 
gtonea and Marls, probably of Triassic age.* 

The coal of the greater part of the Irish Coal-meaflures 

is anthracite, as the well-known Kilkenny coal. The 

produce of all the coal-fields for 1858 was as follows : — 

Aiithtaoite . . 80,420 tons. 

BituminouB Coal .. .. •10.210 „ 



• Cieologioal and Mining BnrTt'ys of Tyroi 
Bee Appendix). 
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CHAPTER I. 

COAL-FIELDS OP OTHER PABT8 OP THE WOBLD. 



France and Belgium. — The coal-strata belongprobabij 
to two periods, tliat of the Carboniferous Limestone and 
of the true Coal-measures. They extend along an axis 
of elevation from Boulogne to Liege, and are coTsred 
tiiroughout the greater part of their course by horizontal 
strata of the Cretaceous and Tertiary periods, through 
which they are worked. In Belgium, near Mons, tlie 
coal-strata are contorted to such an extent as to assmne 
a vertically zigzag arrangement, so that a vertical shaft 
passes through the same bed of coal several times.* 
The united extent of these coal-fields is not leas than 
1500 square miles. 

Hkenish Provinees. — There are coal-fields of at least 
two periods. The Carboniferous, to which the SaarbrBok 
coal-field belongs, has an area of about 960 square 
miles. It is remarkable for having yielded the remains 
of several species of reptiles, named by Professor Gold- 



• LypU, Elum. Gool., 5th Edit, p. 5 



fusa Arc/wffosaurus, having charactere intermeiliate b^l 
tween tlie Batrachians and Saurians.* 

The '• Brown-coal " formation of the Lower Rhino ii 
considered by Von Buch to he of Miocene age. TtU 
yields a lignite of little value, and the associated shalesa 
are used in the mauutacture of alum. 

There are smaller toal-Selds in Westphalia, Bohemia, 
Saxony, Asturias in Spain, and in parts of Switzerland, 
witli a combined area of about 4000 BC[unre miles. 

In Poland the coal-formation is both extensive and 
richly stored with mineral fuel. 

RuBBta. — The coal-fields of Bussia are considered by 
Sir R. I. MurchiBoo to belong to the Lower Carboniferous 
period. -f The Cai'boniferous strata extend in a narrow 
band along the western base of the Ural ranye from the 
iWctic Sea to lat. 51° N. Here they are overspread by 
the Permian formation, but reappear rising from below 
the newer rocks of Central Russia, in the government 
of Riazan and Moscow, and stretch northwards to the 
White Sea, a distance of 900 niilea. This tract is not 
very productive. The most valuable coul-fiold is that 
of the Donetz, which lies to the north of the Sea of 
.\zof. It has an oval shape, the major diameter lying 
east and west, and about 230 miles in length. Entire 
superficial area 11,000 square miles. The roofs of the 
coal-seams, like those of Scotland, are formed of fossili- 
ferouB limestone or black shale, with Producta, Orthis 
other marine shells.^ 



r 



Ibid., p. 100. + "EuBBia nnd llii; Ural Mouutains." vtiL 
Ibid., (diap. ii. 
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INDIA. 

The areas and resources of the coal-fields of India are 
as yet imperfectly known, but are now iindsi^iiig 
the investigation of tlie Government geological snr- 
veyora, who have already produced some valuable maps 
and memoirs. The Messrs. Blanford, in their "Report 
on the Talcheer Coal-Field," have shown that there at 
one time existed a widely-extended tract of carbon*- 
ceoua deposits, which have been subsequently disse- 
vered by denudation into the coal-fields of Bampur and 
Upper Damoodah, and, still further to the east, that rf 
Burdwan." 

In the north-west are the coal-fields of Palamow, Sir- 
gooja, and probably a chain of small fields connectiiig 
these with a great carbonaceous district stated to eiiBt 
north-west of Sumbulpur. 

The so-caUed "Talcheer coal-field" has been E^own 
by Messrs. Blanford to be entirely destitute of coaLf 
The sedimentary rocks of this coal-field are composed 
of three groups, each resting anconformably on that 
beneath it The middle or Damoodah group is at least of 
not more recent age than the Permian, as it "is overlaid 
by shales which have yielded a minute Estheria, and the 

* This cnal-ficld lioa been also deBcribod liy tlio Bov. SleBsra. TPufag . 
aiid HuutcT. English Misaonorica. Jonm. Geol, Soc, toL xi. 
t Memoirb of the Geol. Sarruy of India, voJ. i, port 1, 
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cranium of a LabyrinthodoDtoid batrachian. This coal- 
field yields rich iron-ore^ capable of producing highly 

tenacious iron. 

Professor Oldliam describes a small coal-field of 
Eocene Tertiary age, resting on Nnmmulitic limestone, 
in the Khasi hilU, Eastern Bengal ; and in the north- 
western part of the same presidency there are extensive 
tracts yielding coal and lignite.* Of these, the coal 
formation of Cutcb is the best known. It is of the Lower 
Oolitic period, and is overlaid by sandstone of the age of 
the Kelloway rock, containing Ammon,ites Serveyi. It 
would thus appear to bo the Indian representative in time 
of the Brora coal-strata of Sutherlandshire, of the Oolitic 
coal of Yorkshire, and of Virginia in the United States. 
-(Lyell.) 

As far as our knowledge extends it would appear that 
the coal-fields of our Indian empire are not liighly pro- 
ductive, that the coal is frequently of an inferior quahty, 
and that it has been formed at several periods, from the 
Carhoniforous to the Tertiary inclusive. The extent of 
the coal-bearing strata is, however, very lai^e. 

There are coal-fields in China, first mentioned by 
Marco Polo ; in Borneo, producing, it is said, coal of 
excellent quality ; and in Japan, where coal is stated by 
Eempfer to occur in large quantities in the northern 
provinces. 

The state of Victoria in Australia contains carbona- 
ceous deposits, from which coal has already been ex- 
tracted. The Government geologist, Mr. Selwyn, haa 
" Mem, GeoL Suirey, India, vol. i, nart 
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been engaged for several years in developing the mi- 
neral resources of this highly-favoured colony. Mr, 
Selwyn states that if the mass of the coal-bearing strata 
of Victoria be Oolitic (Jurassic), there are certaiiily 
others in the eastern districts of the colony which con- 
tain plants of the tme Carboniferous type, while the beda 
themselves rest and pass downwards into calcareous 
rocks with fossils, which are nearly all Carboniferous 
or Devonian forms* How remarkable, that both here 
and at our Antipodes, in Britain in the Northern, and 
Australia in the Soutiiern hemisphere, — countries now 
standing in the relation of parent and child, — Natnre 
should have been elaborating mineral fuel during the 
same eventful period of the Earth's bygone history I 

New Zealand. — Tliis beautiful island is rich in coal 
and lignite, which will prove of great value for Hte«m 
navigation. Mr. C. Forbes describes carbonaceous strata 
in Preservation Island, Massacre Bay, and "Waikata 
They all belong to the Tertiary period, -f- 

• " Geology of Victoria," Jouru, GhoL Sot, Lundoii, vol. stj., p. Itf. 
t Joum. Geol. Boo., vol. " 
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CHAPTEE ni. 



HOETH 4MEB1CA. 

British Possesgions. 

The TJnited States have retained possession of by far 
the greater portion of the coal-producing region of 
America. In Canada, there is not a trace of the Car- 
boniferous formation; and the coal-fields within the 
boundaries of the British Empire, are confined to its 
outlying north-eastern districts, lying south of the River 
St. Lawrence. They are as follows : — 

1. Newfoundland.* — A enmll field, with sandstouc, variegated marls, 

gypBum, and cual, Bl. George's Bay. Area supposed lo be about 
IDO sqoure milee. 

2. Cape Breton.! — Area 200 square miles. Tliia diatriet is intcreating 

for tlio iiuc esamplo it affords of erect stems of fossil-lreea, giving 
uvidenee of at least flfly-nino forests buried in saccession. Borne 
of the beds abow cunts of rain-prinls, worm-tracka, Biin-cracks, and 
ripple-murks. 

3. Piotou. — Area 350 square niiles.1 

i. Cumberland. — Area 200 aqunro milea.§ 

5. New Bruuswiok.— Area 6,68!) square miles, only a small part of 
wLich is productive.]! 

The coal-field of Nova Scotia includes the districts of 
Pictoii, Cumberland, and Cape Breton. It contains a 

• Jukes' "Gedogy of Newfoundland." 
t Mr. Kiobord Brown, Jonm. Geol. Soo., vols. ii. and yi. 
I Profeesor Bogers, " Geol. of Pensylyanio," vol. ii. p. 101. 
§ IMd. II Ibid. 
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total thickness of strata of no lesa than 14,570 feet,* 
with 76 seams of coaL Along the coast of the Bay of 
Fnndy, at South Joggins, ia laid open one of the finest 
natural sections in the world. The strata rise along the 
face of the cliff, which is 150 feet high and upwards, at 
an angle of ;i4° and a vertical thickness of 4515 feet is 
bionght to light. Sir C. LyeU counted 19 seams of 
coal, and at least 10 forests of upright sterna of Sigillana, 
of which the longest was 25 feet, and when broken off, 
four feet in diameter, and they were found almost in- 
variably based on the upper surfaces of the beds of coal. 
The fossil sheUs resemble those of the Middle Coal- 
measures of England, consisting of Anthracosia (Unio), 
Modiola, Spirorbis, and Cypris.\ Of fish : Solopti/chm 
and J'alcEoniscu^. Of reptiles: Dendrerpettnt, a batts- 
chian, allied to those now inhabiting the North American 
rivers, discovered by Sir C. Lyell and Dr. Dawson in 
the interior of an erect trunk of Sigillaria ; and along 
with it the first example ever found of a land th^ 
probably a Pupa. 

Very recently Dr. Dawson has discovered, witjun Am 
upright trunk of a Sigillaria, numerous specimens of tiie 
same shell, which he has described and figured under 
the name Pwpa vetusta, together with remains of rep- 
tiles of the genus Dendrerpetm, and a body which he 
s to be that of a worm or myriapod-J 



le estimate of Sir W. LogajL 
t LyeU. Elem. GeoL, 5th edit. p. 379.— See aUo Mr. J.W.DmwiH 
Memoirs in ttio Jourti. Geol. Boc., London, 
t Jonni. Gaol. Soc., vol. xtL 
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CHAPTER IV. 

DNITED STATES. 



The great liydrograpliical basin of tlie Mississippi and 1 
its tributaries, is underlaid tliroughout the greater part | 

of its area by productive Coal-measures, with enough ( 
coa! to supply the whole of that vast continent, were it 
as populous and as industrious as Britain, for a decade 
of ceutmies. This great Carboniferous formation spread 
originally in one continuous sheet over the whole of 
Central America, probably from the flanks of the Eocky i 
Mountains to the shorra of the North Atlantic, and j 
from the Golf of Mexico to Newfouudland ; and though j 
we are unable strictly to define the original margin and j 
limits of this great coal-generating tract, yet there is 1 
re^n to believe, as has been pointed out by Sir C. j 
Lyell, that land existed at that period where now j 
rolls the Atlantic, and that the British Islands were coo. 1 
nected with America by a chain of islands, or a tract of 
land, over which the plants of the Carboniferous period 
migrated and spread themselves in dense forests. Such 
an hypothesis seems the moat satisfactory explanation 
for the remarkable iact, that the Carboniferous vegeta- 
tion of jVmerica is identical, at least generically, with that 
of Europe ; which could not have been the case under 
any of the received theories of the distribution of plants 
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and animtJis ^ th^se regions had been separated by vide 
baniets of ocean. 

Moreover in tracing the Carboniferons strata, from 
Texa^ and Jlissouri on the south-west to the Alleghany 
Mountains and Nova Scotia on the east and north, ire 
find a constant thickening of the sedimentary materiala, 
Buch as sandstones and shales, which become both more 
abmidant, and of coarser textnre, as we approach the 
seBrboard of the eastern states. This pomts to the poa- 
tion of the old land, from which these materiab were 
derived, as having lain somewhere in the North Atlantic ; 
and combined with the evidence derived from the vege- 
tation, becomes almost demonstrative of the a&om, that 
what was land is now sea. 

The great tract of Coal-measures, which was, without 
doubt, originally connected throughout, has now become 
ditiHovered into five coal-fields, the areas of which are 
thus stated by Professor Eogers : — * 

Tliu Appulsohinu Baam. — Length, 875 milca ; 

nTcmgiihrerulth. 180; area .. .. 55,500 aj. miles. 

Tho lllmoui. Indiana, anil Kentucky Basins. — 

l*ngUi.H70i breadtb, 200 ; area .. .. 51,100 ,. „ 

The MlAHiuri and Arkansiis Basina.— Lengtii, 

fiM; hnudtli, 200: area .. .. .. 73,913 „ „ 

Tliii Mlcliigau BaHn. — Lengtli, 160 ; breadth, 

ISO: linn .. .. 13,350 „ „ 

Thi> Ti«M IJiisin.— Lengtli. 160; arua 3.000 „ „ 



• "(iiKil. of Pwiiiiylvnnia," The reader would do wul 
nuutU hul vi-ry beuiitifiil map of M. Jules Mareau, 
" UilUki^utseu." vol, vi., 1856. 
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Oyer the central and western districts, the strata lie 
legularly, and only sb'ghtly removed from the horizontal 
position ; but on proceeding eastwards, and approaching 
the chain of the Alleghanies, they become bent; and 
ultimately folded and crumpled along lines parallel to 
the axis of the mountains. Corresponding with this 
folding of the beds, the coals lose their bituminous pro- 
perties, and along the western flanks of the mountains 
occur only as anthracita The close connection between 
the crompling of the coal-seams, and the loss of the vola- 
tile constituents of the coal itself, is strongly marked ; 
for in proportion as we recede from the axis of dis- 
turbance, the coal-seams become more bituminous. 

The Alleghany Hills consist of a succession of parallel 
ridges, divided by narrow and deep valleys, correspond- 
ing to the folding of the strata. The axis is nearly 
parallel with the coast of the Atlantic, and reaches at 
Black Mountain an elevation of 6476 feet The geo- 
logical structure of this remarkable range leads to the 
conclusion, that it has been formed by the exertion of 
lateral pressure, acting along the Atlantic side, and 
forcing the strata towards the west, with a power to 
which geology affords few parallels. In consequence of 
the structure of the beds, and the subsequent partial de- 
nudation, these mountains contain several small trough- 
shaped coal-fields, in which the coal has become meta- 
morphosed, and assumes a columnar structure, the axes 
of the colunins being perpendicular to the planes of bed- 
ding. There are also springs of pitch and petroleum, 
of great value ; and others of brine, containing 10 per 
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cent, of common salt (chloride of sodium), and email 
quantities of iodine and bromine. Free carboretted 
hydrogen also bursts forth at the fountaina of the 
country," 

The thickness of some of tiie coal-seams is in keeping 
with the vastness of the coal-fields. In consequence of tiie 
thinning away of the sedimentary materials westwani, 
several seams are often brought into contact, and form 
one mass. In the Bear Mountains there has thus been 
formed a seam of 40 feet in tbichness, which is described 
by Sir C. Lyell. It is anthraj3ite, and is quarried from 
the outcrop into the hill. Sir Charles considers that the 
thickness of the original mass of vegetable matter, be- 
fore condensation by pressure, and the discharge of its 
various gases, may have been from 200 to 300 feet ! 

The Coal-measures, as in England, rest upon a floor 
of Carboniferous Limestone, with, in some places, Mill- 
stone Gfrit iriteiTening ; the age of the coal-fields in 
both countries is therefore identical. The fossils of the 
Carboniferous Limestone are generically the same with 
those of Europe— such as Spirifer, Orthis, Terebratn^ 
Producta, Pimtremites, and Retepora. 

The plants from the Coal-measures are LepidodenArm 
elegant, Sigillaria Sillimani, JHeuropteTts cordata. S. 
Loshii, PecoptercB lonchitica, CalamUes Ciatii, &c, d 
which all but the second occur in Europe. 

le BritiBli Asioca- 
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Ke Jurassic Coal-fidd of Mickmond, Virginia. 

Some milcB east of Eiclimond a small eoal-field of 2(i 
miles from north to south, and 12 in its greatest dia- 
meter, occnpies a depression in tho granitic rocks of that 
part of the comitry. Thb coal-fleld has been shown by 
Professor Rogers and Bu' C. Lyell to he of an age con- 
temporaneous with the Oolitic coal-field of Whitby in 
Yorkshire, and the plants Equi»e.tum eolumnare and 
Pecopteris Wliithyensig are abundant in both places. 

The Richmond eoal-field contains several beds of valu- 
able coal, one of which is from 30 to 40 feet in thick- 
ness, h^bly bituminous, and equal to the best coal of 
Newcastle. 



« 



^1 Other Coal-fields and Lignite Formations. \ 

fT!oaI-fields of smaller extent and uncertain age occur, 
according to M. Marcou, at tho sources of the Rio 
Colorado, in tho Utah territory, and on the shores of 
the Pacific Ocean north of Cape Blanco,* 

In Vancouver Island, and on the opposite coast of 
America, there are extensive deposits of Tertiary age, 
hearing thick beds of lignite, which are extensively 
worked for the supply of the steamers navigating b&- 
tweeo Victoria and the Frazer River.f 

* " Qeologiache Kaite dfit Tereuigtea Slaaten," [n Fetermui'a 
'■Mittheilungen,"1855. 
I Mj. Banenoao, " Jonnu GteoL Soc^" voL xvi,, p. 201. 
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Mr. Isbister describes extensive lignite deposits in the 
valley of the Mackenzie River, probably of the same 
geological age as those in Vancouver Island. These Btrata 
have been traced by Sir J. Bicbardeon from the shores 
of the Arctic Sea, along the eastern base of tlie Koeky 
Monntains as far sonth as lat, 52°, The beds of lignite 
attain a thickness of 9 feet, and are well shown where 
the Bear lehtnd Eiver flows into the Mackenzie. 

Coal and lignite occur on Jameson Land, Bants' 
Land, and Melville Island ; and in Albert Land, in lat 
78° Sir E. Belcher found bituminous schists with 
ooal, and apparently connected with these strata, Hme- 
stonea with Producta and Sfirifer. We have, there- 
fore, grounds for believing, from these monuments of the 
Carboniferous age, that our coal-vegetation extended 
into regions which are at present so inhospitable as 
almost to exclude the existence of vegetable life. How 
great and wide-spread the changes of climate, and how 
mysterious the cause ! 



Produce of th. American CoaUjklda. 

The annual quantity of coal raised in the United States 
is about five millions of tons.* If to this we add one 
million for the produce of the coal-fields in the British 
possessions, we have a total for the whole of America of 
six millions of tons. 

Now, taking the area of these coal-fields at 204,000 

* Taylor's "Stutialica of Coal," Snd edit,, PLiladelphia. 
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niles, and comparing it with that of the English 
is, 2779 square miles, we find that the former is 
8 larger than the latter, but the quantity of coal 
a America is onlv 1-lOth the amount raised in 
1 and Wales. In other words, if the coal-fields 
rica were developed to as great an extent as those 
land, they ought to raise 452 millions of tons 
Y, or 72 times more than at present. 



PART lY. 



AN INQOIRT INTO THE PHYSICAL LIMIT TO DEEP COAL- 

MIKING. 

The reader will have observed that I have confined my 
calculatioos of the resources of our eoal-fielda to tiiflt 
portion of them included within 4000 feet of the snrface, 
notwithstanding there are hundreds of miles stored witt 
coal at greater depths than this. It is therefore proper 
that I should explain the grounds on which I consider, 
not only that all the coal below 4000 feet must for erffl 
remain beyond our reach, but that, in confining myself 
to this limit, I have even exceeded to some extent the 
available limit of depth. 

There are two agencies in mining constantly acting 
with increasing enei^y as we descend vertically from the 
surface — temperature and pressure ; and though at firet 
sight the latter would appear likely to offer the greatest 
obstacles to deep mining, it will probably be found tliat 
in reality increase of temperature will prove the first 
insuperable barrier. Let us examine this subject fin- 
ther. 

The phenomena of volcanos, hot spruigs, and igneous 
corks, all tend to the conclusion of the internal fluiditj 



AN ISQUIRY INTO DEEP COAL-MINISG. 



165 1 



of the earth at great depthsj owing to increase of tem- 
perature; but it 18 to direct experiment tliat we are 
indebted for a knowledge of the extent to which this 
internal heat affects the upper crust of the earth. The 
following are some of these experiments as recorded by 
Arago.* 

At Paris, an artesian well, the Puits de Crenelle, 
passes downwards through the Chalk to a depth of 500 
metres, and though in some parta the temperature in- 
creases more slowly than in others, the general result 
was found to be an increase of 1° Falir. for every 60 feet 
At Saltzwerk, in Westphalia, a similar boring was 
carried to a depth of 644^ metres, and the result was 
an increase of 1° F. for every 54 feet. 

Near Geneva an artesian boring gave an increase of 
1° F. for every 05 feet. 

At MondorfF, in the Grand Duchy of Luxemburg, an 
artesian boring, of great interest from the number of 
formations which were penetrated, gave the result of 
^ F. for every 57 feet. The details were as follows: — 

* See also Mr, W. Hopkins' Eesaj in tlie Philoaophicul TrBHeacHoMi J 
vol. HT.part 3. Tiiia eminent nntliority punaider: " 
peiature of about 1° F. for every tiU feet, us Laving Win proved withoutLfl 
oonttoven^. 



4 



Lias 


54'il 


Keoper ■ ■ 


206 02 


Mnscbelkalk 


H2-17 


GreBbigarre" 


311-46 


Old SchiBtoze Bocka 


16-21 




730 -flO 



AS INQDIBY INTO DEEP COAL-MINING. 

The writer of the article, " Mines and Miomg," m 
the Encyclopedia Britannica, states that in many of the 
deep mines of Cornwall the temperature exceeds 90° F. 
In the TresaTean mine, which is about 2112 feet be- 
low the surface, the temperature ranges between 90° 
and lOO'-* F., and somo of the water from the deep 
levels of the United mines stands at 106° to 108° F. 
These results would give an increase of 1° for everj 
56i feet. 

Professor Phillips has made observations on the 
temperature at the Monkwearmouth colliery, which has 
shown an increase of about 1° for every 60 feet 

The experiments lately carried out by Mr. AsQejr 
duriog the progress of sinking the Dukinfield collieiyj 
are perhaps the most valuable of any hitherto nnder- 
takon in this coimtry. I'hrough the kindness of Mr. 
I'airbaim of Manchester, I have been supplied with the 
whole of the details, which I hero insert at length. The 
observations were conducted with great care. The ther- 
mometer was inserted in a dry bore-hole, and removed 
aa far as possible from the influence of the air in the 
shaft, and left in its bed for a length of time, varying 
from half an hour to two hours. The results also carry 
witli them more than usual importance, from the fact 
that they extend downwards to a depth of 2055 feet, 
with an additional observation made in the open work- 
ings, at 120 yards from the shaft, and at a depth of 
2151 feet.* 

* Mr. Fairbaim has kiaill; allowed me to make uae of these eipeii- 
meals for puliliention, but they will probably booh appear from himidf 
itt a more aitended form. 
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Therniometricat Oh»eri)atiom in 


efe Dukmfdi Collkry, 


Cheshire, between 1848 avd 1859. 


Diitc. 


Depth m 
Yards. 


Fahr. 




1848. 
Jniy 28lh 


5-6 


51° 


Efd rock — no variation. 


1849. 






. 


lat .. 


231 


57-7 


Bluo motal— wet ^^A 


12th 


2M-7 




ditto dr? hole ^^H 


leth 


237 


58 


ditto ditto ^^H 


JuJy Ulh 


239 


57-5 




leth 


240 


58 


ditto ditto ^^H 


27th 


242 


57-5 


ditto ditlu 1 


AuKOit 9t1i 


244 


58 


ditto ditto 


„ 25th 


218 


58 


ditto wiifBT 


27th 


248 


57-25 


ditto ditto 


3l8t 


250 


57 '25 


ditto ditto 




252 


58 




December ett 


256-5 


58 


Blue shalo— dry 


ISth 


2ti2-5 


58-5 


ditto do. 


22ud 


270 


58 




"l850. 








January 9th 


279 


58-5 


Btrong warrnnt earth 
Ropkbandfl 


26lh 


286-5 


59-12 


Pebraary llth 


293 


59-5 


CouJtoof 


I'Jtb 


300 


59-87 


Warrant earth 


Maich 5th 


309 


5U-87 


Purplo mottled shale 


1831. 








Jnoe 9tli 


358 


62-5 


Warrant earth 


August Ufh 


373 


64 


Tender blue abale 




403 




Coal roof 


.. 19th 


119 


65-37 


Rockbanda 


1852. 








February 61h 


433 


6G-5 


Black shale 


— - 1857. 


44ti 


fi7 


Strong fire-clay , 


483-5 


67-25 






487 


67-76 


Shale 




501 


68-5 






511-5 


68-75 


Blue nhale 




521-5 


69-33 


Strong abala 




533 


69-75 


Warrant earth 






69-88 


Blue ahato 




54Q 


71-75 


Coal and earth 


Kly 18tb 


555 


71-25 


Grey rook | 
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Thermometrieal Ohservationg, fc, — continm 



Date. 

1857. 


Depth in 
yoidB. 


Temperatnre 
Fahr. 




Auguflt Iflt 


563 


72-25 


BedrcM^k 


IStli 


569 


71-25 


ditto wet holo 


SBptember2inl 


578 


72 '12 


ditto ditto 


., 19th 


589 


71-5 


ditto ditto ^^m 


Ooiober 3rd 


597 


72-25 


Grey rock-dry lidM^H 


i7tli 


608 


72 25 


27tli 


613-5 


72-25 


Coal floor ditto ^^M 


185S. 








MBrcb 22iid. 


621 


72 


Strong Bhnle—diy 
Dark-Hue shale 


29fh 


627 


71-5 


April 23rd 


645 '5 


72-25 


Shale-dry hole 
ditto ditto 


Muy ]Ht 


651 


72 -25 


19th 


658 


72-5 


ditto ditto 




fir's 


73-25 
74-12 


Ritnininniia okal^t Arv >iAln 


19tli 


oiLuuiuiuud dDau; — orj uwu 
Grey rock 


July :7th 


683 


75-25 


Blae shale 


21rt 


685 


75-5 


do. do. 


1851). 








Mareli 5tlj* 


717 


75-0 


" Blaek Mine" Goal roof. 



tfule, — The itregolaritieB observahle in the table we al^rayB to be ei- 
pecledin Hqch cases. TheyariBO fromacvcrol caoace, sach as different 
of density, conducting power, and moiBturu in the strata. Sometina 
the vater pcrcohitiid to the bulb, and slightly affected the reaulta. 

1. The first obseiration gives 51° as the invariable 
temperature throughout the year at a depth of 17 feet 
Between 231 yards and 270 yards, the temperature 
nearly uniform at 58-0. And the increase from ■flie 
surface would be at the rate of 1° F. for 88 feet. 

2. Between 270 and 309 yards, the increase was at the 
rate of 1° for C2-4 feet. 

3. Between 309 and 419 yards, the increase was at the 
rate of 1° for 60 feet. 

4. Between 419 and 613 yards, the increase waa fit 
the rate of 1" for 8G-91 feet. 

* In workings at 120 ynrds down engine incline Ihini the aha 
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5. Between 613 and 685 yards, tiie increase was &% i 
the rate of 1° for 05-6 feet. 

6. The last observation, taken in tlie mine itself, at 
120 yards from the pit, is valuable, as showing that the | 
temperature of the air does not greatly differ from that I 
of the surrounding strata. 

The result of the whole series of observations-gires an I 
increase of 1° for every 83"2 feet, which is a less rapid ] 
increase than that exhibited by the generality of experi-. \ 
mente. 

It is not easy to account for the less rapid increase of ' 
temperature, aa shown by these experiments, than that 
determined by a large number from other sources. It may 
possibly happen that the Coal-formation, formed as it is 
of a great variety of strata differing in density and 
conducting power, may present greater obstacles to the 
upward extension of subterranean heat than formations 
of more uniform texture. But whatever may be the 
cause, the above results justify us in assuming a more 
gradual increase than 1 degree for 60 feet, in the case 
of coal-mines ; and if we adopt an amount of 1 de 
for 70 feet, which ia a mean value between the 
resalts obtained at Dukhifield colhery and other i 
sources, we shall not greatly err. 

In endeavouring, then, to ascertain what would be J 
the -temperature in coal-mines at a greater depth than | 
2000 feet, we must first determine the temperature to ' 
which the addition of 1 degree for 70 feet is to be 
made. This is shown by the first observation recorded 
in the above table — viz., 51 degrees, at 17 or 18 feet- 
la general it has been found that at a certain depth, , 
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H varying from 15 to 50 feet, the temperature remains 

H the same all the year round ; and is nearly that of the 

^ mean ammal temperature of the air. At Greenwich, 

the mean temperature ia 4E)-5°; and in the deepest 

of several under-ground thermometers, 25 feet from 

_ the surface, the extreme variations were (1858), from 

^ 48 ■ 85° to 52 • 27°, giving a mean of 50 ■ 56°'— a result, 

B differing by only half a degree from that of Duidnfield 

colliery, obtained ten years earlier. 

We may therefore adopt 50-5° as the standard of 
departure — or in other words, the temperature of do 
variation at a depth of 50 feet underground. 

But there is an additional element tending to increase 
the heat in deep mines ; namely, the increased density 
of the au'. This ia a eonatantly augmenting quantity, 
but may be taken, for general purposes, at 1 degree 
for every 300 feet of depth. 

Combining these two elements, we obtain the maxi- 
mum temperature at the various depths sliown in the 
following table : — 

TaWe ihomty ft« Oieoretiail innream of Tempemtare at leuend d<^: 
■ death of 50 feet from the aurface. 


1 ""£'■ 


Increase of 

Temperature due 

to depth. 


tocrcaae of 
to density of air. 


BesDlbig 


H 1,500 

H 2.S00 
H 3,000 
H 3,500 


21 -la 
27-S5 
35-5 
42 14 
49 '28 
56-42 


5.0 
6-5 
8-5 

13 '16 


76-9a 
M-85 
94-00 
102-47 
111-44 

120- oa 


^H • "Greenwich Obserrationa*' foe 1858. ■ 
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The above resulta give a more rapid increase than 
that offered by direct experiment at Dukinfleld colliery; 
but, as I have abeady observed, the resulta there ob- 
tained appear to be exceptional , 

From the above caJculation it is evident that, were ] 
there no compensating agencies, a depth of about 2500 
feet would be the limit to deep minin g ; as it would not 
be possible for our miners to work at a higher tem- 
perature than 94", almost that of the tropics. 

Ventilation is the great means to which we must look, 
not only for supplying pure air, but for keeping the 
mines sufficiently cool for mining pui-poses. It ia not 
improbable that the constjuit flow of cooler air through 
the arteries of a mine, will have the result of ultimately 
lowering the temperature of the strata through which it 
passes. Its effect most be to carry away a supply of 
caloric given off from the heated surface of the rock, 
and thua eventually to reduce the temperature of the 
mine. We all know how much hotter are the narrow, 
ill-ventUated parte of a mine, where a thorongh draft has 
not yet been established, than the main passages through 
which the air constantly circulates. On this point, the 
experiments which have been kindly undertaken by my 
friend Mr. C, Wright, at Shireoak colliery, tend to throw 
some light. Premising that this colliery has been but 
recently opened, and that the workings are not at 
present very extensive, it was found, first, that the 
"intake air"' had a temperature of 63°; while the 

'lie air at the bottom of tlie shaft, before entering tbe 
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"retornair" waB69°,or6^1iigIier, — certainly a cooderatfi 
increase oj temperaturo ; but, be it remembered, after 
a comparatively short circolatioii. 

In a "goaf" or chamber, removed sevea yards iron) 
die air-current, the temperature was 72° ; being an in- 
crease of 9° upon the "intake air." 

Lastly, in a "close heading," SO yards from the ai^ 
current, the temperature was found to be 86% or no Ie» 
than 23° higher than that of the intake air. It ia nol 
improbable that in this heading a certain amount of beat 
was generated by spontaneous combustion. 

These results show the effect of a free current of ail 
through the works in moderating the beat due to tiie 
causes above assigned. 

The depth of Shireoak colliery is 510 yards, or 1530 
feet. Now, according to the calculation given in ttie 
above table, the temperature ought to be 77" 45 degrees, 
which is about a mean between that in the " goaf," seveD 
yards from the air-current, and that in the " close head- 
ing," 80 yards from it. Again the temperature of the 
" return air," which had passed through the workings, 
was 69°, or nearly 10° under that due to the deptiL We 
may therefore conclude that the general effect of the ven- 
tilation would be to reduce the temperature by about 10' 

We luuat also take into consideration the effect of the 
ventilation at different seasons of the year. This is 
considerable. I have known water, at the bottom of 
deep pit, to have been frozen several inches during the 
prevalence of severe frosts. Therefore, if the current- 
air should descend the shaft, and enter the works at 
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nperatnre of irom 30'' to 40°, there is every probability 
that it would be able to reduce the heat even of a mine 
4000 feet in depth, to a degree uot only tolerable, bat 
admitting of healthy labour. 

I therefore look fonvard to the possibility of mines 
being carried doivn to such a depth, that it will be practi- 
cable to excavate the ooal during the winter months only. 

Pressure. — It ia impossible to speak with certainty of 
the effect of the accumulative weight of 3000, or 4000 
feet of strata oa mining operations, In all probability, 
one effect would be to increase the density of the coal 
itself, and of its accompanying strata, and so to increase 
tho difficulty of excavating. Coal-mining labours under 
a disadvantage not felt in raining other minerals, namely, 
the impossibility in general of liaving recourse to blast- 
ing. The increased firmness of the strata will most 
assuredly be felt ; but the question whether its resdst- 
ance will prove beyond the powers of maniml skill and 
mechanical contrivances to surmount, can only be solved 
by actual experience. 

In the face of these two obstacles — temperature and 
pressure, ev^r increasing with the depth — I have con- 
sidered it Utopian to include in calculations having 
reference to coal-supply, any quantity, however con- 
siderable, which lies at a greater depth than 4000 feet. 
Beyond that depth, I do not beheve it will be found 
practicable to penetrate. Nature rises up and presents 
insurmountable barriers. 

Within that depth everything is possible. 



I 
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RECAPITULATION. 



The results at wliich we have aiTived are briefly as 
follows : — 

1. There are coal-depoaits in various parts of England 
and Wales, at aU depths, down to 9000 or 10,000 
feet. 

2. That mining is possible to a depth of 4000 feet, but 
beyond this the high temperature will prove a barrier. 

3. The temperature of a Coal-mino at a depth of 4000 
feet will probably be found as high as 120° Fahr. ; but 
there is reason to believe, tliat by the agency (rf an 
efBcient system of ventilation, this temperature may 
be BO reduced, at least during the cooler monthg of 
the year, as to allow of mining operations without un- 
usual danger to healtk 

4. That for working mines of greater depth than 2000 
or 2500 feet, underground stages, with independent 
winding machinery and engines, will be found not 
only to render very deep mining practicable, but also 
to lessen the amount of risk from accident. 

5. Lastly. Adopting a depth of 4000 feet as the limit to 
deep mining, there is still a quantity of coal in Btore in 
England and Wales, sufficient to afford a supply of SO 
nullions of tons for about a thousand years. 
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Kobe Beidqb Collieby, nkab WioiN, 
In this colliery two, or rather three, coal-seams are worked. 
The shaft woe originally sunk to the " Pemherton Four-feet " 
Coal in 1854, and fur throe years this seam was worked to a 
couBiderablo extent. Is September, 1857, another shafl; was 
Gumnienced at some distance &om the former one, to extend 
from the " Pemherton Pour-feet " mine to tho " Cannel " and 
" King " Coals which here lie nearly close together, and 
which were won on June 30th, 1858. Engine, boiler, and 
winding machinery were then erected in a chamber hollowed 
ont in the workings of the Pemherton Pour-feet Coal, and the 
tracks iroju the workings of the Cannel and King Coal, after 
having been lifted by the underground engine are wheeled 
along a tramway to the bottom of tho upper shaft, through 
which they are raised to the eui&ce. 

The use of two or more lifts or stages produces a 1ob8 
of time and outlay, but has tho advantage of allowing of the 
working of very deep coal-beds without tho risks and dangers 
always attending ench undortakingg. It is probable that 
this means will be generally adopted for working coal-£oama 
from 2000 to 3000, or even 4000 feet In depth. 
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Stbay Notiokh of Ancient Coal- works, 

Horeeley, in his " Bribumia BomBna," speokiiig of 
inscriptionB found at Benwcll, near NewcdBtle-npoD-Tyne, tha 
Conilcrcujn of tlie BoiuauB, atatea tlut there was a " coalij 
not for irota that place, which is judged by those beat skilled 
in such aflairs to have been wrought hy the EonuutB." This 
passage is quoted by the author of the " History and Descrip- 
tion of Fossil Fuel," &o., a work to which I must refer the 
reader for much valuable information on the manner of work- 
ing coal, ita uses, and a lai'go amount of detail relative to 
coal-mining. 

WaUia, in his "History of Northmnberland," Btotes that 
in digging some of the foundations of the city of Magna a 
Caorvorran, in 1762, cinders, in ail respects aimlUir to iha» 
derived from coal were found in considerable quantity. 

Mr. T. J. Taylor, in an article on the "Archieologyof tba 
Coal Trade," in the Proceedings of the Axchteologio*! 
Institute of Newcastle, vol. i. p. 151, also refers to Qia 
discovery of coal-cinders as part of the relics of the Bomin 
stations of tho neighbourhood, notices of which are contained 
in tho records of the Antiquarian Society of that town. 



C. 

The passages from the BoHon Book have been difi^entljr 
translated from the manner here adopted ; tho word "&bw' 
being rendered " smith," and " carbonea iuvenit " "findshji 
own coal." This translation of the lattor passage is certain]; 
incorrect, and I do not seo any good reason for adoptiiig 
general term for the proper name in the former. 



NonoBs o 



B YEABe 1200—1700. 



The ftnonymous author of the " History of Foasil Fuel," 
observeB in reference to the 1 3th coatnry : "The strongest 
and most unoquivocal proof that this speciea of fuel (coal) was 
in use amongst us during the reign of Henry the Third is to 
be found in an inquisition preserved among tlie additions to 
Matthew Piiria's History, of the date of 1245. Here we find it 
called carba maris, or sen-coal, — an appellation retained through 
»iiccooding centuries, ^witli express mention of making pits to 
win it, and of the w^ea of the colliers that wrought in them." 

Leiand, in his Itinerary, vol. vlii., has the following pas- 
aage ; — The vaynea of the Be-coles ly sometyme upon clineB 
of the se, as round about Coquet Island, and other shores ; 
and they, as some ivill, be properly called se-coles ; but they 
be not eo good as the coles that are digged in the inner part 
of the laade." 

We have numorous refei'encea to tho use of coal in the 14th 
century. Sm'tees, in his " History of Durham," mentions a 
coal-mine in connection with the vicarage of Merrington, in 
the coimty of Durham, in 1^43 ; ae also the notice of tho sink- 
ing of pitH ot Ferryhill, in the same county. (See p. 180.) 

Mr. Taylor, in tho Memoir already alluded to, says, " We 
have thus a tolerably clear historical accomit of the New- 
castle coal-mining and its adjuncts in tho 14th century. We 
have seeE that coUieriea were then certainly opened over a 
considerable extent of our coal-field, since they were being 
worked in the districts of Newcastle, Elswick, Birtley, Win- 
laton, Merrington, and Lauchester. To these may be added 
coal-mines in Bedlingtonshire, tho produce tii which was 
probably shipped in the river Blyth (Northumberland), for 
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we find the Bishop nf Dnrhnm in 1368 appointing a saperrisor 
of tliG minoB of that district. That cools woro also shi 
from Sunderland ia tho same century wo have proof ii 
rolls of Whithy Abbey in 1395, when 13 BhillingB and 4 pence 
were paid to William Kede of Sunderland for four chaldrons 
of coal." Proc. ArcLaiol. InBt, Newcastle, vol, i. p, 160. 

The use of coal in Loudon wofi resumed within a few yean 
after its prohibition by tho king in 1306 ; as we find ii 
" Fetitionos in Pnrliamento," in 1321-2, a claim made for ten 
shillings, on account of coal which had been ordered by the 
clerk of tho palace, but the payment for which had I 
neglected. 

Amongst other incidental notices of coal in the Ull 
oentutj is that of ^neas Sylvius, afterwards Pius IT. On 
his visit to Scotland he had opportunities of witnessing the 
poor receiving as alms at the gates of tho nionasteriw 
pieces of coal, " which " he states, " they bum in place (£ 
wood, of which their country is destitute." ,31nei S 
Opera, p. 443. (See p. 179.) 

Coal-mines are also mentioned in the abbey leases dOai 
ceatmy. Tynomouth priory had a colliery at Elswici in 
1330, let at a yearly rental of six marks, to be paid so 
as the tenant commenced working the coal. The rent of 
another new colliery in 1334 is stipulated at 40:;. yeazly. 
Proc. Arch. Inst. Newcastle, vol. i. p. 156. 

In the reign of Queen EHzobeth the coal-trade flonrishcd 
greatly, and continued to he regarded as an important si 
not only of looal but of national revenue by suceei 
monarchs. In the reign of Charles I. the trade was b^^ 
dened by eieessive taxation and grievous monopolies. Atte 
the capture of Newcastle by the Scottish army, the HonM 
of Oommons undertook the regulation of the coal trade, bj 
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whicli step abimdaiit snpplios were shipped into the port of 
London for the tibs of the poor, coab having risen to the 
price of 4?, per chaldron. IliBt. Foaeil Fuel, p. 31C. 

In 1699, Newcastlo had two-thirds of the coal-trade, and 
300,000 chttldronB, in all, went amnially to London. The 
ovor-sea trade employed 900,000 tons of shipping. Cools 
abont that timo sold in London for 18s, a chaJdron, out of 
which 5s, were paid to the king. Is. &d. to St, Paul's, and 
Is. Gd. metage. It was then stated to the House of Com- 
mons that 600 ehips, one with another of the hurdon of eighty 
Newcastle chaldroDS, were employing 4,500 men, requisite for 
carrying on the trade, Jhtd. p, 318, 



1 ^NEAB Stltiitb, aptbbwabdb Popb PniB II. 

The following is the passage taken from that part of the 
travels of .^hieas Sylvius, relating to Scotland. Tho accoout 
of that kingdom ia finished off within the space of one p^e, 
which, however, is aa mnch as it had any right to ejpect, the 
whole of tho British Isles being graphically portrayed by 
means ef three times that quantity of letter-press, and of a 
sketch-map, which ia tho more easy of comprehension, as it 
ignoreB distance, and is remarkable for simplicity of detail. 
After dwelling on tho scarcity of trees for fuel and other 
poiposes in Scotland at this time (probably the cud of tho 
14th century), he proceeds to describe the following mar- 
Tellons spectacle, of which he was a witness, " Nam pauperes 
pon^ nndos ad templa mendicnntcs, acceptis lapidihus oloe- 
mssyiife gratia datis, Icetos abiisse conspeximus ; id genus 
li^idiB, sive sulphurea, bivo alia pingni materia prreditmu, 
pro ligno, qno regio nndfl est, combnritur," — De Scotia: 
" Opera," chap. ilvi. 
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" Obdinatio Yioabs Ecclkbib db Mbreingtos," 1348. 

" Nocnon, et medietatem pecuniro dedecima mineraB car- 
boncm Willielmi de Het, et hereduia euorum." " Histotj 
of Durhom," by R. Surtees, 1828. Appendix, YoL iii, 
p. 396. 



LiQHTINO MiN 



OF THE Davy Law, 



I 



There were, however, other meane adopted for giving • 
feeble and uncertain light. The ateel mill was the invention 
moat frequently employed in the northern counties ; a de- 
scription and figure of which is given in the " History of 
Foseil Fuel." By means of ft multiplying wheel, a Bted 
periphery waa made to revolve rapidly in contact with a piBOe 
of flint, by which a Buccession of sparka was produced. The 
Bparke, being formed of minute particles of steel heated tv 
redneaa, aro incapable of igniting the explosive gases of the 
mine, though sufficiently bright to light dimly the workingB. 
In thoae minea where carburetted hydrogen gas existed in 
minute quantities, noted candles were employed for lighting, 
and gunpowder for blaatiag. 



I adopt, without hesitation, these statemente of thfl po- 
duction for Franco, Belgium, and Saxony, from a valmUe 
work, published while these pages were passing through tl» 
preas, " On Coal and Iron, &c.," by Mr.W. Fordyco, of New- 
castle-upon-Tyne, the author having derived them iam 
official returns. The quantity is considerably larger than 
that I had previously supposed, and which I had derived 
from othet sources. 



G. 

The foUowing explanation of the terms here nsed, as given 
by Sir C. Lyell, may be of service to those uniamiliar 
with botanical nomenclature, especially in its application to 
paliDontoIogy. 



Brongiiiart. Lindiei/. 

1 Cryptogamoofl J 
amphigena, or) 
cbUu1«c crypto- ThallngeuB. Licliena, « 



. -weeds, fungi. 



O 1 2 Cryptogamous 

acrogecB. Acrogens. Moases. eqaisehuna, forns, lyoo- 

podinma, — (Lepidodendron, 
SLgillariu? calamitea, &c.) 

3 Bicatyledonons 
gymnoaperaia. Gymnogeos. ConifarB and Cjcads. i 

4 Dicot. Angiosperma. Eiogena. Oompoaito, legumiiioajB, nm- 
beUiferse, cruciferie, roBsceie, 
Jbieat trees, &c. Probablyno 
representativeB in the Car- 
boniferoas flora. 

5 Monocotyledons. Endogena. Polma. lilies, iilocs, rnsiieii 



Goal-mining is China. 
Marco Polo, wto travelled through Cliina towardfi the 1 
close of the I3th century, mentions coal as one of the com- 
modities in use in his time in that country. At the present ' 
day, it is worked, in the cliffs of the Po-Kiong river at Ting- 
tih, by means of adits driven into the side of the hill at the 
out-crop of the coal-seams. The works aro carried on in 
the most primitive manner, without the aid of machinery ; 
and the mode of working coal through vertical shafts, which 
may be considered, as the second stage in the act of mining, 
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appears etill anknown. In this respect, as in almoet every 
other, the Cliiiieae are far behind their neighbours Hu 
Japanese. Probably, if eid iithabitaat of the celestial em- 
pire wore shown Bome of the largest collieries of Newcastlfl, 
or Wigan, he would scarcely deign to look at them, or 
would gravely inform you that they have aimilar, or better 
machincty, and deeper mines " Pekin side." 

Mr. Olipbaut states that coal is procured from a roino 
about five miles distant from the important city of Whang- 
shih-kang, or " Yellow Stone," on the river Tang-tso-kiaiig, 
situated about 400 miles from its mouth. — " Narrative of Lord 
Elgin's Mission to China and Japan," vol. ii. p. 339. 

Co Ai-Mnns Q — Japan , 

Mr. Oliphant states that coal is raised in Japan somewlui 
oitensively— but as a, Uuvemraent monopoly. Ono mine, nt 
a place called Wuku Moto, in the interior of the main iskml 
of Nipbon, was visited by some of the Dutch Mission. They 
describe the mine as being well and judiciously worked, aadtlw 
cool as bitominous in its nature, and made into coke for nae. 

That the coal is worked by means of yertical shafts appears 
from the feet that the Prince of Fizen once ordered a Bteam- 
engine from Europe for pumping the water out of his mines : 
but, through the native jealousy of the presence of foreigners 
in the country, refused to allow the Dutch engineer to erect 
the machinery upon the spot. The Japanese, however, are 
quite independent of European aid for such an object, ss 
they thoroughly understand the construction and manage- 
ment of the steam-engine. — " Lord Elgin's Mission to China 
and Japan," vol. ii. 

Eompfer, in his " Histoiy of Japan," also refers to the 
abundance of this mineral — stating that it is dug in great 
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quantity in tha province of Taekusen, and in most of the 
northern provinces. This rict and productive empire also 
yicltls abundance of gold, silver, copper, and iron ; and the 
Japanese armouroFB excel tho Europeans, and perhaps any 
other nation, in tempering steel. 

I. 
Mr. Fordyce in his "History of Coal, Coke, and Coal- 
fields, 18G0," gives the following acconnt of the calculationa 
which have been made regarding the duration of the Great 
Northern Coal-field of Durham and Northumberland, He 
Bays : " The most ahle mining engineers have haKed their 
calculations upon the various norkable coal-scanis, and upon 
the consumption of coal at the time of their inquiry ; hence 
different rosidts havo hcon nxrived at without their being any 
material difibrence of opinion as to tho quantity of coal yet 
iinworked. Mr. Hugh Taylor, in hia evidence before a Select 
Committee of the House of Lords, in 1829, based his calcu- 
lations upon the consumption of coal at 3,500,000 tons per 
annum, and therefore estimated the duration of the Northern 
Coal-field at 1727 years. This opinion has been adopted by 
Tarious subsequent writers who, it would appear, have over- 
looked tho annually increasing demand for tho coal of the 
district. Were Mr, Hugh Taylor giving an opinion at the 
present time, with a consumption of about 17 million tons 
per annum, insteadof 3,500,000, it would only prove hisstate- 
ment to be pretty nearly correct aa to the qtumtity of work- 
able coal in tho counties of Durham and Northumberland. 
Mr. Greenwell states that 'the Northern Coal-field would 
continue 331 years;' his estimates wero made in 19i6, at 
which time he gives tho consimiption of coal at the rate of 
upwards of 10 millions of tons per annum. Mr. T. Y. HaU, m 
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1854, referring to the estimates of Mr. Tnylor and Mr. Green- 
well, etatea, ' that various metLoda of caloultttionB by Bectioiu 
of different distriets have been tried bott by Mr. Greenwell 
and myself, unknown to cacli other, and the reenltB, which it 
was impossible to anticipate, have been found to be perfectly 
similar as regards quantity.' Mr. Hall, in 185i, takes tiifl 
annual consiunption of coal at 14 mill ions of tons, incbidiiig 
the small coa] as saleable, and gives 365 years as the period 
at which this coal-field will be exhausted. He eetimates the 
total quantity of coal that may be workable under the ared of 
750 square miles at ... 8,182,805,757 tOM. 

Deducting for loss and waste . 1,608,661,151 „ 
Ditto for quantity already extracted 898,812,433 „ 
Ditto for coaualties, &c. . 553,543,217 „ 

Leaving for future use . . 5,121,888,956 „ 

This quantity divided by 14 millions, annually estracted for 
sales and pit consumption, gives 365 years. But fiwm flie 
great onnnal incrense in the demand for coal from this portion 
of the coal-field of Great Britain, Mr. Hall assumes that the 
consumption is not unlikely, before many years elapse, to 
reach not less than 20 millions of tons annnally. Supposing 
that this quantity should be required, then, at that rate of 
demand, the coal-field would be exhausted in the course of 
25 G years." 

Mr. Tordyco appears to concur in those calculations of 
Mr. Hall ; for myself I am ready to accept results which 
hare been arriyed at on independent grounds hy persons so 
well acquainted with the district as the authors above named. 
My own calculations of tho rcsomces and the length of time 
necessary for their exhaustion is somewhat greater, arising, ; 
principally, from a smaller deduction for waate and loss tl 
that assumed by Mr, Hall. 



CoAL-FtEUja OF Tyroke asb Ahthim. 

As the work of Sir E. Griffith ie not generally aooeBfiible,"* 
I here insert further details regarding the coal-fielda of 
which it treats ; 

The Tyrone Coal-JieM is situated in the Barony of Dnn- 
gannoa, and a few miles to the west of Lough Neagh, It ia 
of trifling extent when compai'od with the great Southern and 
Weatcm Coal-diBtricts of Ireland, but it is superior to them 
in the thickness and quality of its nmuorous beds of coal. 

The general snccession of the formations are as fol- 

1. Trins? — Ilt?<1 sandstaiies and umrls, lesting unconformalilj upon 

the Fqal-fonnatioii. 

2. Cool-uieaaiireB.— Alternating beds of black aliale, eandstone, argil- 

laceous ironBtone, fire-clay, and cooL 

3. Limoatono Sliale,— ConaiBting of Eaiidatone, limestone, and shale 

with tLin beds of coal. 

4. CorboniferouB LimcBtoDe. — Mtt^eiTe limestane, passing upwards iato 

a, series of alturnatiug bods of sandstone, shale, alaty litneBtone 
witii coaL 

5. Old Bed Sandstone.— Red aandatoue, Sec, 

The coal-field is divided into two parts, namely, the Coal 
Island District, and the Annahone District. 

The Coal Island District ia six miles long, its averege 
breadth la about two miles ; therefore, the total extent may he 
about scTcn thousand acres. 

The Anuahonc District is much smaller. It is one mile 
long, and half a niilo broad. It may, therefore, contain 320 
acres. Mr. Griffith states, however, that it ia probable the 
district may extend a considerable distance further to the 
south and east, and that coal 'may he wrought from beneath 
the red sandstone. The coal-field is, moreover, covered to ft 
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conaiderable depih. with Drift deposits 
Btrata difficult of accees. 

The following is Bome account of the coul-i 
seendiug ordor : — 

Upper Cual (impuTQ) . . 



Amiagher Coal (soft q^uality) . . 

Strata 

Bone Coal . . 

Strata 

Sliining Sema 

Btrota 

Brackaveel Goul (good qiudity } 

Strata 

Baltiboy Coal (sulptnireoas) .. 

Strata 

fCannel .. 2 feel 
ICoal ..4 „ 

Strata .. .. (about) 

Derrij Coal (good qimlitj) 



vhich render tiie 



Gorbaatlcea Coai \ 



Below thene there are two or three other 
the coals are of good quality, and have not, 
worked to any groat depth. 




ydt, been 



Anteim Coal-District. 

The Antrim coal-district, in point of geological position, 
is by ranch the most remarkable m Ireland. It is situated 
on the north coast of the county, and extends to the west ind 
south of the magnificent promontory of Fair Head from Belly- 
caetlo to Miirlough Bay, a distance of four miles. Itaarera^ 
breadth is one mile and a half. 

The general arrangement and succession of rocks which 
compose the coal-formation of the district, is finely ozposed 
to view in the lange of precipitous cliffs which strctcheefrou f 
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the Salt Pans, east of Ballycastle, to Mnrlongli Bay. 
Throughout this line of coast, the coal-strata are in some 
places surmounted by masses of basalt, presenting towards 
the sea, ranges of vertical columns. In other parts, the beds 
are bent-faulted, and traversed by several dykes of green- 
stone. 

A good section of the beds is visible in the cliffs near the 
Grob mine, exhibiting a height of strata amounting altogether 
to 373 feet, of which 61 feet at the summit consist of imper- 
fectly columnar trap, and the remainder is composed of alter- 
nating beds of coal, sandstone, shale, and limestone. The 
main bed of coal is 4 feet thick. • 

The following is the section visible on the northern side 
of Murlough Bay from the top of the cliff downwards : — 

Section in Murlough Bay. 



Columnar Greenstone (about)^ 

Brownish-red Sandstone . . 

Bituminous Coal 

Bed Sandstone . . 

Black Shale 

White Mine Coal (highly bituminous) 

Brownish -red Sandstone .. 

Bituminous Coal.. 

Bed Sandstone . . 

Black Shale 

Bituminous Coal (Goodman's Vein) . . 

Black Shale 

Uninflammable carbowiceous Coal . . 

Black Shale passing into flinty-shale 

Second colimmar Greenstone (basalt) 

Black Shale 

Non-flaming Coal, with thin beds of black 

Shale 
Black Slate (base not visible) 



Feet 


Tn 


.. 100 





.. 20 





1 





.. 80 





6 





2 


6 


.. 40 








6 


.. 20 





.. 10 





2 


6 


.. 60 





2 


6 


2 





.. 70 





2 






I 



8 6 
10 
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It appears from the foregoing Bection, that the coal-forma- 
tion at Murlongh Bay contams six beds of coal, four of which 
are highly bitmninons, and two wholly carbonaceous, or 
anthracitic. The four bituminous beds all occur between the 
first and second basaltic ranges, and the two carbonaceous 
beds are nearly in contact, one above, and the other beneath 
the second basaltic range. The general base of the coal- 
formation of the Antrim coast is probably mica slate. 

The early workings in the coal-mines of Ballycastle have 
already been alluded to. 
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Danbighflhire Coal-field, 3, 79 : re- 
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DeoDj, Mr,, on the fossils of tbe 
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DerbyBhire Coal-field, 123. 
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Dickeon, Mr,, on the CuabeHmd 

Coal-field, 113, 114. 
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0«ikie, Mr. A„ on the Bedded 
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Lothian Coal-field, 144. 
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of, 22. 
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Grffifan, Saxon for " Coal," 15. 
Greeawell, Mi., on the Dm-harn 

Coal-fiold. 183. 
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Coal-field, 184. 
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Hoiiohurch, 98, 
Hutory of Fuaail Fuel, 177. 
HopkinB, Mr., on tho inireose of 

tempemture io descending l^uui 

ttie surface, l(i5. 
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Coal-fields, 147. 
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of Coal, 15, 16. 
Leicestershire Coal-field, 3, 120 ; 

resources, 123. 
Lepidodendron, 34. 
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Lycopodites, 36. 
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Plants, claseiflcntion ot 27, 181. 
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Prertwieh, Mr., on the CoalhiMk 




Dale Coal-field, 74. 


Henry m., 18. 


Pmsaa, Coal produce, 25, 


Newfbmidland,Coal-fioldof, 155. 
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Vancouver Island, Coal in, 161. 
Ventilation of Mines, 171. 
Victoria, Australia, Coal in, 153. 
Vivian, Mr. on resources of the 
South Wales Coal-field, 1, 3. 

Wales. North, Coal-field of, 78 ; 
South, Coal-field, depth of Coal, 
3, 50. 

Wallis, "History of Northumber- 
land," 176. 

Watt, inventor of the steam-en- 
gine, 23. 

Whitehaven, 23, 113 ; Coal-aeries, 
114. 



Whittaker, ** History of Manches- 
ter," 13, 14. 

Whitwick Colliery, Leicestershire, 
122. 

Wigan, probable Boman Coal- 
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measures, 103. 

Williamson, Prof., on Stembergia, 
37. 
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Wright, Mr. C„ observations on 
temperature of Shireoak Col- 
liery. 171. 

Wyre, Forest of, Coal-field, &i. 



THE END. 



IX)XDOK ; PRTXTED BT WILLIAM CLOWES AND SONS, STAMFOKD STREET. 



CHAEACTEEISTIC FOSSILS 

OF THE COAL FORMATION. 




ERRATA. 



1. In List of Books by snme Author, facing Title-page, " Lacashire" 

for " Lancashire." 

2. Page 109, foot note, •* Sir J. Kaye Shuttleworth" for " Sir J. Kay 

Shuttleworth." 

3. Page 164, last line, " corks" vMimd of " rocks." 

4. Index, under Binney, " Flinthire *' for «* FUntahire/ 

5. Ditto " Ramsey " far ** Ramsay." 
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2. GONIATITES PARADOXICUS. 

3. AVICULO-PECTEN PAPYRACEUS. 



4. MELANIA RETICULATA. 

5. UNGULA SQUAMIF0RMI8. 

6. 8PIRORBI8 CARB0NARIU8. 
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